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Abstract of JP2001077117 

PROBLEM TO BE SOLVED: To provide a 
polishing method, a polishing device, and a 
manufacturing method for a semiconductor device, 
where occurrence of dishing or erosion is 
suppressed in a planarizing process for polishing a 
metal film to constitute wiring of a semiconductor 
device having a multilayer interconnection structure. 
SOLUTION: A process (PR4) for forming a passive 
state film on the surface of a metal film which 
prevents electrolytic reaction of the metal, process 
(PR5) where a protruding passive state film present 
on the surface of metal film which is generated by 
filling a wiring channel is selectively removed by 
mechanical polishing so that the protruding metal 
film is exposed on the surface, a process (PR6) 
where the exposed protruding part of the metal film 
is removed by electrolytic polishing, so that the 
rough surface of the metal film generated by filling 
of filling of the wiring channel is planarized, and a 
process (PR7) where a metal film present on the 
insulating film of the metal film whose surface is 
planarized is removed by electrolytic composite 
polishing, where electrolytic polishing and 
mechanical polishing are composed to form wiring 
are provided. 
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Description of corresponding document: US6693036 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a polishing apparatus and a polishing method for flattening an 
uneven surface accompanying for example a multilayer interconnection structure of a semiconductor 
device and a method for producing a semiconductor device having a multilayer interconnection structur 
[0004] 2. Description of the Related Art 

[0005] Along with the increase in integration and reduction of size of semiconductor devices, progress Y 
been made in miniaturization of interconnections, reduction of interconnection pitch, and superposition 
interconnections. The importance of the multilayer interconnection technology in the manufacturing 
process of semiconductor devices is therefore rising. 

[0006] On the other hand, conventionally aluminum (Al) has been frequently used as an interconnection 
material of a semiconductor device having a multilayer interconnection structure, but in order to supprej 
the propagation delay of signals in the recent 0.25 [mu]m design rule, there is active development of an 
interconnection process replacing the aluminum (Al) of the interconnection material by copper (Cu). Wl 
using Cu for interconnections, there is the merit that both a low resistance and a high electromigration 
tolerance can be obtained. 

[0007] In a process using this Cu for interconnections, for example, an interconnection process referred 
as the damascene process for burying a metal in a groove-like interconnection pattern formed in an 
interlayer insulation film in advance, removing excess metal film by a chemical mechanical polishing 
(CMP) process, and thereby forming the interconnections has become influential. The damascene proce; 
has the characteristics that etching of the interconnections becomes unnecessary and also a further uppei 
interlayer insulation film becomes flat by itself, so the manufacturing steps can be simplified. 
[0008] Further, in the dual damascene process, where not only the interconnections, but also the contact 
holes are formed as grooves in the interlayer insulation film and the interconnections and the contact ho 
are simultaneously buried by the metal, further great reduction of the interconnection process becomes 
possible. 

[0009] Here, an explanation will be made of an example of the process for forming interconnections by 
dual damascene process by referring to FIG. 32 to FIG. 37. Note that the explanation will be made of th* 
case where Cu is used as the interconnection material. 

[0010] First, as shown in FIG. 32, for example, an interlayer insulation film 302 made of for example a 
silicon oxide film is formed for example, by a low pressure chemical vapor deposition (CVD) process o 
substrate 301 made of silicon or another semiconductor on which a not illustrated impurity diffusion lay 
is appropriately formed. 

[001 1] Next, as shown in FIG. 33, contact holes 303 communicating with the impurity diffusion region 
the substrate 301 and grooves 304 in which a predetermined pattern of interconnections to be electricall; 
connected to the impurity diffusion region of the substrate 301 is to be formed are formed by using a we 
known photolithography technique and etching technique. 

[0012] Next, as shown in FIG. 34, a barrier film 305 is formed on the surface of the interlayer insulation 
film 302 and in the contact holes 303 and the grooves 304. This barrier film 305 is formed by a material 
such as for example Ta, Ti, TaN, or TiN by the well known sputtering process. The barrier film 305 is 
provided so as to prevent diffusion of the material comprising the interconnections into the inter-layer 
insulation film 302. Particularly, in a case where the interconnection material is Cu and the inter-layer 
insulation film 302 is a silicon oxide film, Cu has a large diffusion coefficient with respect to the silicon 
oxide film and is easily oxidized, so this is prevented. 

[0013] Next, as shown in FIG. 35, a seed Cu film 306 is formed on the barrier film 305 to a predetermin 
thickness by a well known sputtering process, then, as shown in FIG. 36, a Cu film 307 is formed so as i 
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bury the contact holes 303 and the grooves 304 by Cu. The Cu film 307 is formed by for example a plat 
process, CVD process, sputtering process, etc. 

[0014] Next, as shown in FIG. 37, an excess Cu film 307 and barrier film 305 on the inter-layer insulate 

film 302 are removed by the CMP process and flattened. 

[0015] Due to this, interconnections 308 and contacts 309 are formed. 

[0016] By repeating the above process on the interconnections 308, the multilayer interconnections can 
formed. 

[0017] Summarizing the problems to be solved by the invention, in the step of removing the excess Cu 
film 307 and barrier film 305 by the CMP process in the multilayer interconnection forming process usi: 
the dual damascene process, the removal performance differs between the inter-layer insulation film 30^ 
and the Cu film 307 and barrier film 305, therefore there has been the disadvantage that dishing, erosion 
(thinning), recesses, etc. easily occur in the interconnections 308. 

[0018] Dishing is a phenomenon where, as shown in FIG. 38, when there is an interconnection 308 havi 
a wide width of for example about 100 [mu]m at a design rule of for example the 0.18 [mu]m rule, the 
center portion of the interconnection is excessively removed and sinks: If this dishing occurs, the sectioi 
area of the interconnection 308 becomes insufficient. This becomes a cause of poor interconnection 
resistance etc. This dishing is apt to occur when copper or aluminum, which is relatively soft, is used as 
interconnection material. 

[0019] Erosion is a phenomenon where, as shown in FIG. 39, a portion having a high pattern density wl 
interconnections with a width of 1 .0 [mu]m are formed at a density of 50% in a range of for example 30 
[mu]m are excessively removed. When erosion occurs, the sectional area of the interconnections becom 
insufficient. This becomes a cause of poor interconnection resistance etc. 

[0020] Recess, or "recessing" is a phenomenon where, as shown in FIG. 40, the interconnection 308 
becomes low at the interface between the inter-layer insulation film 302 and the interconnection 308. In 
this case as well, the sectional area of the interconnections becomes insufficient. This becomes a cause < 
poor interconnection resistance etc. 

[0021] Further, in the step of removing the excess Cu film 307 and barrier film 305 by the CMP process 
is necessary to efficiently remove the Cu film 307 and barrier film 305. The amount of removal per unit 
time, that is, the polishing rate, is required to become for example more than 500 nm/min. In order to 
obtain this polishing rate, it is necessary to increase the polishing pressure with respect to the wafer. Wh 
the polishing pressure is raised, as shown in FIG. 41, a scratch SC arid chemical damage CD are apt to 
occur in the interconnection surface. In particular, they easily occur in the soft Cu or aluminum. For this 
reason, it becomes a cause of opening of the interconnections, short-circuiting, poor interconnection 
resistance, and other disadvantages. Further, if the polishing pressure is raised, there is the inconvenienc 
that the amount of the occurrence of dishing, erosion, and recesses becomes larger. 
SUMMARY OF THE INVENTION 

[0022] An object of the present invention is to provide a polishing apparatus and a polishing method an( 
method for producing a semiconductor device capable of easily flattening an initial unevenness when 
flattening a metal film such as an interconnection of a semiconductor device having a multilayer 
interconnection structure by polishing and excellent in efficiency of removal of the excess metal film an 
capable of suppressing occurrence of excessive removal of the metal film such as dishing and erosion. 
[0023] To attain the above object, a polishing apparatus of the present invention is provided with a 
polishing tool having a polishing surface and having conductivity, a polishing tool rotating and holding 
means for rotating the polishing tool about a predetermined axis of rotation and holding the same, a 
rotating and holding means for holding a polishing object and rotating the same about a predetermined 8 
of rotation, a movement and positioning means for moving and positioning the polishing tool to a target 
position in a direction facing the polishing object, a relative moving means for making the polished surf 
of the polishing object and the polishing surface of the polishing tool relatively move along a 
predetermined plane, an electrolyte feeding means for feeding an electrolyte onto the polished surface o 
the polishing object, and an electrolytic current supplying means for supplying an electrolytic current 
flowing through the polishing tool through the electrolyte from the polished surface by using the polish* 
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surface of the polishing object as an anode and the polishing tool as a cathode. 

[0024] Further, the polishing apparatus of the present invention is a polishing apparatus which is provid 
with a polishing tool having a polishing surface which contacts the entire surface of the polished surface 
the polishing object while rotating and which brings the polishing object into contact with the polished 
surface while rotating it so as to flatten and polish the same, wherein the apparatus further has an 
electrolyte feeding means for feeding an electrolyte onto the polishing surface, is provided with an anod 
electrode and a cathode electrode capable of supplying electric power to the polished surface of the 
polishing object in the polishing surface, and flattens and polishes the polished surface of the polishing 
object by electrolytic composite polishing which combines electrolytic polishing by the electrolyte and 
mechanical polishing by the polishing surface. 

[0025] The polishing method of the present invention comprises pushing the polishing surface of a 
conductive polishing tool and the surface of the polishing object with a metal film formed on at least the 
surface or an inner layer against each other while interposing the electrolyte therebetween, supplying th< 
electrolytic current flowing from the surface of the polishing object to the polishing tool through the 
electrolyte by using the polishing tool as a cathode and the surface of the polishing object as an anode, 
making the polishing tool and the polishing object move relatively along a predetermined plane while 
rotating the two, and flattening the metal film formed on the polishing object by electrolytic composite 
polishing combining electrolytic polishing by the electrolyte and mechanical polishing by the polishing 
surface. 

[0026] Further, a polishing method of the present invention comprises a step of forming a passivation fl 
exhibiting a function of preventing an electrolytic reaction of the metal film at the surface of the metal f 
formed on the polishing object; a step of pushing the polishing surface of a conductive polishing tool an 
metal film against each together while interposing an electrolyte between the polishing surface and the 
metal film, and then applying a predetermined voltage between the polishing tool and the metal film; a s 
of making the polishing surface of the polishing tool and the metal film of the polishing object move 
relatively along a predetermined plane and selectively removing a passivation film on a projecting porti< 
projected from the polishing surface of the polishing tool in the metal film by mechanical polishing by t 
polishing tool; and a step of removing a projecting portion of the metal film exposed at the surface due t 
the removal of the passivation film by the electrolytic polishing function by the electrolyte and flattenin: 
the metal film. 

[0027] A method for producing a semiconductor device of the present invention comprises a step of 
forming an interconnection use groove for forming an interconnection in an insulation film formed on a 
substrate, a step of stacking a metal film on the insulation film so as to bury the interconnection use 
groove, a step of forming a passivation film exhibiting a function of preventing the electrolytic reaction 
the metal film at the surface of the metal film stacked on the insulation film, a step of selectively removi 
the passivation film on a projecting portion existing at the surface of the metal film generated by the 
burying of the interconnection use groove in the passivation film formed on the metal film by mechanic; 
polishing and thereby exposing the projecting portion of the related metal at the surface, and a step of 
removing the projecting portion of the exposed metal film by electrolytic polishing and flattening the 
unevenness of the surface of the metal film generated due to the burying of the interconnection use groo 
[0028] Further, the method for producing the semiconductor device of the present invention further 
comprises a step of removing the excess metal film existing on the insulation film of the metal film with 
the surface flattened by electrolytic composite polishing combining electrolytic polishing and mechanic; 
polishing to thereby form the interconnection. 

[0029] In the method of production of the semiconductor device of the present invention, by forming a 
passivation film on a metal film having unevenness at its surface and mechanically removing the 
passivation film, a projecting portion of the metal film is exposed at the surface. The projecting portion 
this metal film is selectively eluted by the electrolytic action of the electrolyte using the remaining 
passivation film as a mask. As a result, the initial unevenness of the metal film is flattened. 
[0030] Further, the metal film with the initial unevenness flattened is highly efficiently removed by the 
electrolytic composite polishing. For example, the excess metal film existing on the insulation film is 
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highly efficiently removed when forming the interconnection. 

[0031] When the excess metal film is removed and the insulation film is exposed, the electrolytic action 
that portion automatically stops, so the metal film buried in the interconnection use groove formed in th< 
insulation film is not excessively removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The above object and features of the present invention will be more apparent from the following 
description of the preferred embodiments with reference to the accompanying drawings, wherein: 
[0033] FIG. 1 is a view of the configuration of a polishing apparatus according to an embodiment of the 
present invention; 

[0034] FIG. 2 is an enlarged view of details of a polishing head of the polishing apparatus of FIG. 1; 
[0035] FIG. 3A is a bottom view of an example of a structure of an electrode plate 23, and FIG. 3B is a 
sectional view of the positional relationship among the electrode plate 23, a conductive shaft 20, a scrub 
member 24, and an insulation member 4; 

[0036] FIG. 4 is a view of the relationship between a polishing tool and a wafer; 

[0037] FIG. 5, having FIGS. 5 and 5B, is a view of the situation of making the wafer move in an X-axia 
direction with respect to a polishing tool; 

[0038] FIG. 6 is a schematic view of the state of polishing a wafer by a polishing head; 

[0039] FIG. 7 is a view of the relationship between the polishing tool and an electrode plate; 

[0040] FIG. 8 is a diagram for explaining an electrolytic polishing function of the polishing apparatus oJ 

the present invention; 

[0041] FIG. 9 is a process chart of a manufacturing process according to an embodiment of the method ■ 
production of a semiconductor device of the present invention; 

[0042] FIG. 10 is a sectional view of a manufacturing process of the method of production of a 
semiconductor device of the present invention; 

[0043] FIG. 1 1 is a sectional view of a manufacturing process continued from FIG. 10; 

[0044] FIG. 12 is a sectional view of a manufacturing process continued from FIG. 11; 

[0045] FIG. 13 is a sectional view of a manufacturing process continued from FIG. 12; 

[0046] FIG. 14 is a sectional view of a manufacturing process continued from FIG. 13; 

[0047] FIG. 15 is an enlarged view of a sectional structure of the semiconductor device shown in FIG. 1 

[0048] FIG. 16 is a sectional view of a manufacturing process continued from FIG. 14; 

[0049] FIG. 17 is a conceptual view of a polishing process near the scrub member 24; 

[0050] FIG. 18 is a conceptual view of a polishing process near a polishing tool 3; 

[0051] FIG. 19 is a sectional view of a manufacturing process continued from FIG. 16; 

[0052] FIG. 20 is a sectional view of a state where a projecting portion of a metal film is selectively 

removed; 

[0053] FIG. 21 is a sectional view of a manufacturing process continued from FIG. 19; 

[0054] FIG. 22 is a sectional view of a manufacturing process continued from FIG. 21; 

[0055] FIG. 23 is a sectional view of a manufacturing process continued from FIG. 22; 

[0056] FIG. 24 is a sectional view of a state where the semiconductor device finished being polished is 

flushed; 

[0057] FIG. 25 is a graph of an example of a current value monitored in an electrolytic composite 
polishing process; 

[0058] FIG. 26 is a view of a modification of the polishing apparatus of the present invention; 
[0059] FIG. 27 is a view of still another modification of the polishing apparatus of the present invention 
[0060] FIG. 28 is a schematic view of the configuration of a polishing apparatus according to another 
embodiment of the present invention; 

[0061] FIG. 29 is a view for explaining an electrolytic composite polishing operation by the polishing 
apparatus shown in FIG. 28; 

[0062] FIG. 30 is a view of another example of an electrode configuration of a polishing pad; 
[0063] FIG. 31 is a view of still another example of an electrode configuration of a polishing pad; 
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[0064] FIG. 32 is a sectional view of an interconnection forming process by a dual damascene process; 
[0065] FIG. 33 is a sectional view of an interconnection forming process continued from FIG. 32; 
[0066] FIG. 34 is a sectional view of an interconnection forming process continued from FIG. 33; 
[0067] FIG. 35 is a sectional view of an interconnection forming process continued from FIG. 34; 
[0068] FIG. 36 is a sectional view of an interconnection forming process continued from FIG. 35; 
[0069] FIG. 37 is a sectional view of an interconnection forming process continued from FIG. 36; 
[0070] FIG. 38 is a sectional view for explaining dishing occurring in polishing of a metal film by the 
CMP process; 

[0071] FIG. 39 is a sectional view for explaining erosion occurring in polishing of a metal film by the 
CMP process; 

[0072] FIG. 40 is a sectional view for explaining a recess occurring in polishing of a metal film by the 
CMP process; and 

[0073] FIG. 41 is a sectional view for explaining a scratch SC and chemical damage CD occurring in 
polishing of a metal film by the CMP process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0074] Below, an explanation will be made of preferred embodiments of the present invention by referri 
to the drawings. 

Configuration of Polishing Apparatus 

[0075] FIG. 1 is a view of a configuration of a polishing apparatus according to an embodiment of the 
present invention. FIG. 2 is an enlarged view of a principal portion of a polishing head of the polishing 
apparatus shown in FIG. 1 . 

[0076] A polishing apparatus 1 shown in FIG. 1 is provided with a polishing head 2, an electrolytic pow 
supply 61, a controller 55 having a function of controlling the entire polishing apparatus 1, a slurry feed 
71, and an electrolyte feeder 81. Note that, although not illustrated, the polishing apparatus 1 is installed 
a clean room, and a loading/unloading port for loading and unloading a wafer cassette storing wafers as 
polishing objects in or out of the clean room is provided in the clean room. Further, a wafer conveyance 
robot for transferring the wafer between the wafer cassette loaded in the clean room through this 
loading/unloading port and the polishing apparatus 1 is arranged between the loading/unloading port an< 
the polishing apparatus 1 . 

[0077] The polishing head 2 is provided with a polishing tool holder 1 1 for holding and rotating the 
polishing tool 3 and holding the polishing tool 3, a Z-axis positioning mechanism31 for positioning the 
polishing tool holder 1 1 to the target position in the Z-axial direction, and an X-axis movement mechani 
41 for holding and rotating a wafer W as the polishing object and moving it in the X-axial direction. 
[0078] Note that the polishing tool holder 1 1 corresponds to a concrete example of the polishing tool 
rotating and holding means of the present invention, the X-axis movement mechanism 41 corresponds t< 
concrete example of the rotating and holding means and the relative moving means of the present 
invention, and the Z-axis positioning mechanism 3 1 corresponds to a concrete example of the movemen 
and positioning means of the present invention. 

[0079] The Z-axis positioning mechanism 31 has a Z-axis servo motor 18 fixed to a not illustrated colur 
a Z-axis slider 16 which is connected to a holder 12 and a main shaft motor 13 and formed with a screw 
portion screwed into a ball screw shaft 18a connected to the Z-axis servo motor 18, and a guide rail 17 
arranged in a not illustrated column for holding the Z-axis slider 1 6 so that it can freely move in the Z-a: 
direction. 

[0080] The Z-axis servo motor 18 is supplied with a drive current from a Z-axis driver 52 connected to 1 
Z-axis servo motor 18 and driven to rotate. The ball screw shaft 18a is provided along the Z-axial 
direction. One end is connected to the Z-axis servo motor 18, while the other end rotatably held by the 
holding member provided in the not illustrated column. 

[0081] Due to this, the Z-axis positioning mechanism 31 moves and positions the polishing tool 3 held 8 
the polishing tool holder 1 1 to any position in the Z-axial direction by the drive of the Z-axis servo mote 
18. The positioning precision of the Z-axis positioning mechanism 31 is set at for example about a 
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resolution of about 0.1 [mu]m. 

[0082] The X-axis movement mechanism 41 has a wafer table 42 for chucking the wafer W, a holder 45 
for rotatably holding the wafer table 42, a drive motor 44 for supplying a drive force for rotating the wa: 
table 42, a belt 46 for connecting the drive motor 44 and the rotation shaft of the holder 45, a polishing j 
47 provided in the holder 45, an X-axis slider 48 at which the drive motor 44 and the holder 45 are 
disposed, an X-axis servo motor 49 mounted on a not illustrated base, a ball screw shaft 49a connected 1 
the X-axis servo motor 49, and a moveable member 49b connected to the X-axis slider 48 and with a sa 
portion screwed into the ball screw shaft 49a formed therein. 

[0083] The wafer table 42 holds the wafer W by for example a vacuum suction means. 

[0084] The polishing pan 47 is provided for collecting the used electrolyte and a slurry or other liquid. 

[0085] The drive motor 44 is driven by supply of the drive current from a table driver 53. By controlling 

this drive current, the wafer table 42 can be rotated at a predetermined rotation speed. 

[0086] The X-axis servo motor 49 is driven to rotate by the drive current supplied from an X-axis driver 

connected to the X-axis servo motor 49. The X-axis slider 48 moves in the X-axial direction via the ball 

screw shaft 49a and the moveable member 49b. At this time, by controlling the drive current supplied tc 

the X-axis servo motor 49, the control of the speed of the wafer table 42 in the X-axial direction become 

possible. 

[0087] FIG. 2 is a view of an example of an internal structure of the polishing tool holder 1 1. 
[0088] The polishing tool holder 1 1 is provided with the polishing tool 3, a flange member 4 for holding 
the polishing tool 3, the holder 12 for rotatably holding the flange member 4, a main shaft motor 13 
connected to a main shaft 12a held at the holder 12 and rotating the related main shaft 12a, and a cylind< 
device 14 provided on the main shaft motor 13. 

[0089] The main shaft motor 13 is made of for example a direct drive motor. A not illustrated rotor of tt 
direct drive motor is connected to the main shaft 12a held at the holder 12. 

[0090] Further, the main shaft motor 13 has a through hole at its center into which a piston rod 14b of th 
cylinder device 14 is inserted. The main shaft motor 13 is driven by the drive current supplied from a m; 
shaft driver 5 1 . 

[0091] The holder 12 is provided with for example an air bearing, and the main shaft 12a is rotatably he 
by this air bearing. Also, the main shaft 12a of the holder 12 has a through hole at its center into which t 
piston rod 14b of the cylinder device 14 is inserted. 

[0092] The flange member 4 is formed by a metal material, connected to the main shaft 12a of the holde 
12, provided with an opening 4a at its bottom, has a lower end face 4b to which the polishing tool 3 is 
tightly fixed. 

[0093] An upper end face 4c side of the flange member 4 is connected to the main shaft 12a held at the 
holder 12. The flange member 4 rotates by the rotation of the main shaft 12a. 

[0094] The upper end face 4c of the flange member 4 contacts a conductive brush 27 fixed to a conduct] 
member 28 provided at the main shaft motor 13 and the side surface of the holder 12. The conductive 
brush 27 and the flange member 4 are electrically connected. 

[0095] The cylinder device 14 is fixed on the case of the main shaft motor 13 and houses a piston 14a. 1 
piston 14a is driven in either direction of arrows Al and A2 by for example an air pressure fed into the 
cylinder device 14. 

[0096] To this piston 14a is connected the piston rod 14b. The piston rod 14b passes through the center - 
the main shaft motor 13 and the holder 12 and projects from the opening 4a of the flange member 4. 
[0097] The front end of the piston rod 14b has a pressing member 21 connected to this. This pressing 
member 21 is connected to the piston rod 14b by a connecting mechanism which can change in posture 
within a predetermined range. 

[0098] The pressing member 21 can abut against a circumferential edge of an opening 22a of an insulati 
plate 22 arranged at a facing position and presses against the insulation plate 22 by the drive of the pisto 
rod 14b to the direction indicated by the arrow A2. 

[0099] At the center portion of the piston rod 14b of the cylinder device 14 is formed a through hole. A 
conductive shaft 20 is inserted into the through hole and fixed with respect to the piston rod 14b. 
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[0100] The conductive shaft 20 is formed by a conductive material. An upper end side passes through th 
piston 14a of the cylinder device 14 and extends to a rotary joint 15 provided on the cylinder device 14, 
while a lower end side passes through the piston rod 14b and the pressing member 21 and extends to the 
electrode plate 23 and is connected to the electrode plate 23. 

[0101] The conductive shaft 20 is formed at its center with a through hole. This through hole forms a fe< 
nozzle for feeding a chemical polishing agent (slurry) and the electrolyte onto the wafer W. 
[0102] Further, the conductive shaft 20 performs the role of electrically connecting the rotary joint 15 ai 
the electrode plate 23. 

[0103] The rotary joint 15 connected to the upper end of the conductive shaft 20 is electrically connecte 
to a plus pole of the electrolytic electrode 61. This rotary joint 15 maintains the power supply to the 
conductive shaft 20 even when the conductive shaft 20 rotates. Namely, even when the conductive shaft 
rotates, a plus potential is applied from the electrolytic electrode 61 by the rotary joint 15. 
[0104] The electrode plate 23 connected to the lower end of the conductive shaft 20 is made of a metal 
material and particularly formed by more precious metal than the metal film formed on the wafer W. 
[0105] The electrode plate 23 is held at its upper surface side at the insulation plate 22, an outer 
circumference of the electrode plate 23 is fitted to the insulation plate 22, and the scrub member 24 is 
adhered to the lower surface side. 

[0106] Here, FIG. 3 A is a bottom view of an example of the structure of the electrode plate 23, and FIG 
3B is a sectional view of the positional relationships among the electrode plate 23, conductive shaft 20, 
scrub member 24, and insulation member 4. 

[0107] As shown in FIG. 3 A, a circular opening 23a is formed at the center portion of the electrode plat 
23. A plurality of grooves 23b are formed radially extending in a radial direction of the electrode plate 2 
around this opening 23a. 

[0108] Further, as shown in FIG. 3B, the opening 23a of the electrode plate 23 has the lower end of the 
conductive shaft 20 fitted and fixed to it. 

[0109] By employing such a configuration, the slurry and the electrolyte fed through a feed nozzle 20a 
formed at the center of the conductive shaft 20 are diffused through the grooves 23b over the entire surf 
of the scrub member 24. Namely, when the slurry and the electrolyte are fed to the upper surface of the 
scrub member 24 through the feed nozzle 20a formed at the center of the conductive shaft 20 during 
rotation of the electrode plate 23, conductive shaft 20, scrub member 24, and the insulation member 4, tl 
slurry and the electrolyte spread to the entire upper surface of the scrub member 24. 
[0110] Note that the scrub member 24 and the feed nozzle 20a of the conductive shaft 20 correspond to 
concrete example of the polishing agent feeding means and the electrolyte feeding means of the present 
invention. Further, the electrode plate 23, conductive shaft 20, and the rotary joint 15 correspond to a 
concrete example of the power supplying means of the present invention. 

[0111] The scrub member 24 adhered to the bottom surface of the electrode plate 23 is formed by a 
material capable of absorbing the electrolyte and the slurry and passing them from the upper surface to t 
lower surface. Further, this scrub member 24 forms a surface for scrubbing the wafer W by the contact ( 
the surface facing the wafer W to the wafer W and is formed by for example a soft brush-like material, 
sponge-like material, or a porous material so as not to cause a scratch etc. in the surface of the wafer W. 
For example, there can be mentioned a porous body made of a resin such as a urethane resin, a melamin 
resin, an epoxy resin, or polyvinyl acetal (PVA). 

[0112] The insulation plate 22 is formed by an insulation material such as a ceramic. This insulation pla 
22 is connected to the main shaft 12a of the holder 12 by a plurality of rod-like connecting members 26. 
The connecting members 26 are arranged at equal intervals from the center axis of the insulation plate 2 
at predetermined radial positions and held moveably with respect to the main shaft 12a of the holder 12. 
For this reason, the insulation plate 22 can move in the axial direction of the main shaft 12a. Further, the 
insulation plate 22 and the main shaft 12a are connected by a resilient member 25 made of for example ; 
coil spring corresponding to each connecting member 26. 

[0113] By employing a configuration in which the insulation plate 22 is made moveable with respect to 
main shaft 12a of the holder 12 and in which the insulation plate 22 and the main shaft 12a are connecte 



file://C:\Documents%20and%20Settings\CAScan\My%20Documents\EPOV3\JP2001077... 2/22/2005 



JP2001077117 



Page 9 of 22 



by the resilient member 25, when feeding high pressure air to the cylinder device 14 and moving the pis 
rod 14b downward in the direction indicated by the arrow A2, the pressing member 21 pushes the 
insulation plate 22 downward against a recovery force of the resilient member 25, and the scrub membe: 
25 moves downward together with this. When stopping the feed of the high pressure air to the cylinder 
device 14, the insulation plate 22 rises due to the recovery force of the resilient member 25 and the scrul 
member 24 rises together with this. 

[0114] The polishing tool 3 is tightly fixed to an annular lower end surface 4b of the flange member 4. 
This polishing tool 3 is formed in the shape of a wheel and provided with an annular polishing surface 3 
at its lower end surface. The polishing tool 3 has conductivity and is preferably formed by a relatively s< 
material. For example, it can be formed by a porous body made of carbon with a binder matrix (binding 
agent) itself which has conductivity or a resin such as a melamine resin, epoxy resin, or polyvinyl acetal 
(PVA) containing a conductive material such as sintered copper or a metal compound. 
[0115] The polishing tool 3 is directly connected to the flange member 4 having conductivity and suppli 
with power from the conductive brush 27 contacting the flange member 4. 

[0116] Namely, the conductive member 28 provided at the main shaft motor 13 and the side surface of t 
holder 12 is electrically connected to the minus pole of the electrolytic power supply 61, while the 
conductive brush 27 provided in the conductive member 28 is in contact with the upper end surface 4c c 
the flange member 4. Due to this, the polishing tool 3 is electrically connected to the electrolytic power 
supply 61 via the conductive member 28, conductive brush 27, and the flange member 4. 
[0117] In the polishing tool 3, for example, as shown in FIG. 4, the polishing surface 3a is inclined with 
respect to the center axis with a minute angle. Further, the main shaft 12a of the holding member 12 is 
inclined with respect to the main surface of the wafer W in the same way as the inclination of the polish 
surface 3a. For example, by adjusting an attachment posture of the holding member 12 to the Z-axis slid 
16, minute inclination of the main shaft 12a can be created. 

[0118] In this way, by making the center axis of the polishing tool 3 incline with respect to the main 
surface of the wafer W with a minute angle, when pushing the polishing surface 3aof the polishing tool 
against the wafer W with a predetermined polishing pressure F, an effective action region S of the 
polishing surface 3 a with respect to the wafer W becomes a straight line like region extending in the rad 
direction of the polishing tool 3 as shown in FIG. 4. For this reason, when moving the wafer W in the X 
axial direction with respect to the polishing tool 3 to make it descend for the polishing, the area of the 
effective action region S becomes substantially constant during the period of movement from the state o 
FIG. 5 A to the state of FIG. 5B. 

[0119] The polishing apparatus 1 according to the present embodiment makes part of the polishing surft 
3a of the polishing tool 3 partially act upon the surface of the wafer W, uniformly scans the valid action 
region S on the surface of the wafer W, and uniformly polishes the entire surface of the wafer W. 
[0120] The electrolytic power supply 61 is a device for applying a predetermined voltage between the 
rotary joint 15 and the conductive brush 12 described above. By the application of voltage between the 
rotary joint 15 and the conductive brush 12, a potential difference occurs between the polishing tool 3 ai 
the scrub member 24. 

[0121] As the electrolytic power supply 61, it is preferable to use not a constant voltage source for 
continuously outputting a constant voltage, but a DC power supply including for example a switching 
regulator circuit for outputting voltage in the form of a pulse at a constant cycle. 

[0122] Concretely, use is made of a power supply for outputting the pulse-like voltage at the constant C) 
and capable of suitably changing the pulse width. As an example, use was made of one having an outpu 
voltage of DC 150 V and a maximum output current of 2 to 3 A and capable of changing the pulse widtl 
either of 1, 2, 5, 10, 20, or 50 [mu]s. 

[0123] The pulse-like voltage output having a short width as described above is set in order to make the 
amount of electrolytic elution per pulse very small. Namely, it is effective for achieving a continuity of 
small elutions for preventing or suppressing as much as possible a sudden huge elution of the metal film 
the form of a crater, for example, a discharge due to a sudden change of an inter-electrode distance seen 
the unevenness of the metal film formed on the surface of the wafer W or in a case of contact or the like 
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and a spark discharge due to a sudden change of an electrical resistance occurring when air bubbles, 
particles, or the like are interposed. 

[0124] Further, the output voltage is relatively high in comparison with the output current, therefore a 
certain safety margin can be set in setting the inter-electrode distance. Namely, even if the inter-electrod 
distance slightly changes, since the output voltage is high, the change in the current value is small. 
[0125] The electrolytic power supply 61 is provided with an ammeter 62 as a current detecting means o1 
the present invention. This ammeter 62 is provided so as to monitor the electrolytic current flowing 
through the electrolytic power supply 61 and outputs a monitored current value signal 62s to the control 
55. 

[0126] Further, the electrolytic power supply 61 is provided with a resistance meter 63 as a resistance 
value detecting means of the present invention. This resistance meter 63 is provided for monitoring the 
electric resistance between the polishing tool 3 and the electrode plate 23 through the surface of the waf 
W based on the current flowing to the electrolytic power supply 61 and outputs a monitored electric 
resistance value signal 63s to the controller 55. 

[0127] The slurry feeder 71 feeds the slurry to a feed nozzle 20a of the conductive shaft 20. As the slurr 
for polishing a metal film, for example use is made of one comprised of an aqueous solution having 
oxidizing power based on hydrogen peroxide, iron nitrate, potassium iodate, etc. to which aluminum oxi 
(alumina), cerium oxide, silica, germanium oxide, or the like is added as the polishing abrasive. Further, 
the polishing abrasive is positively charged in advance in order to improve the dispersability and mainta 
a colloidal state. 

[0128] The electrolyte feeder 81 feeds an electrolyte EL to the polishing head 11. The electrolyte EL is ; 
solution made of a solvent and a solute dissociated into ions. As this electrolyte, use can be made of for 
example an aqueous solution comprised of a nitrate or a chloride system adjusted by a reducing agent. 
[0129] The controller 55 has the function of controlling the entire polishing apparatus 1. Specifically, it 
outputs a control signal 51s to the main shaft driver 51 to control the rotation speed of the polishing tool 
outputs a control signal 52s to the Z-axis driver 52 to control the positioning of the polishing tool 3 in th 
Z-axial direction, outputs a control signal 53s to the table driver 53 to control the rotation speed of the 
wafer W, and outputs a control signal 54s to the X-axis driver 54 to control the speed of the wafer W in 
X-axial direction. 

[0130] Further, the controller 55 controls the operation of the electrolyte feeder 81 and the slurry feeder 
to control the feeding operation of the electrolyte EL and the slurry SL to the polishing head 2. 
[0131] Further, the controller 55 is able to control the output voltage of the electrolytic power supply 61 
the frequency of the output pulse, the width of the output pulse, etc. 

[0132] Further, the controller 55 receives as input a current value signal 62s and an electric resistance 
value signal 63s from the ammeter 62 of the electrolytic power supply 61 and the resistance meter 63. T 
controller 55 is able to control the operation of the polishing apparatus 1 based on these current value 
signal 62s and electric resistance value signal 63s. Specifically, it controls the Z-axis servo motor 18 by 
using the current value signal 62s as a feedback signal so that the electrolytic current obtained from the 
current value signal 62s becomes constant or controls the operation of the polishing apparatus 1 so as to 
stop the polishing based on the current value or the electric resistance value specified by the current vah 
signal 62s or the electric resistance value signal 63s. 

[0133] A control panel 56 connected to the controller 55 is used for inputting a variety of data by an 
operator or displaying the monitored current value signal 62s and electric resistance value signal 63s. 
[0134] Next, an explanation will be made of the polishing operation by the polishing apparatus 1 by taki 
as the example a case where the metal film formed on the surface of the wafer W is polished. Note that ; 
explanation will be made of a case where a metal film made of for example copper is formed on the 
surface of the wafer W. 

[0135] First, the wafer W is chucked on the wafer table 45, and the wafer table 45 is driven to make the 
wafer W rotate at a predetermined rotation speed. 

[0136] Further, the wafer table 45 is moved in the X-axial direction, the polishing tool 3 attached to the 
flange portion 4 is positioned at a predetermined position above the wafer W, and the polishing tool 3 is 
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rotated at the predetermined rotation speed. When the polishing tool 3 is rotated, the insulation plate 22, 
electrode plate 23, and scrub member 24 connected to the flange portion 4 are driven to rotate. Further, i 
pressing member 21 pressing against the scrub member 24, piston rod 14b, piston 14a, and the conducti 
shaft 20 simultaneously rotate. 

[0137] From this state, when the slurry SL and the electrolyte EL are fed to the feed nozzle 20a in the 
conductive shaft 20 from the slurry feeder 71 and the electrolyte feeder 81, the slurry SL and the 
electrolyte EL are fed from the entire surface of the scrub member 24. 

[0138] The polishing tool 3 is made to move downward in the Z-axial direction and the polishing surfac 
3a of the polishing tool 3 is brought into contact to the surface of the wafer W and pressed by a 
predetermined polishing pressure. 

[0139] Further, the electrolytic power supply 61 is activated, a minus potential is applied to the polishin; 
tool 3 through the conductive brush 27, and a plus potential is applied to the scrub member 24 through t 
rotary joint 15. 

[0140] Further, high pressure air is fed to the cylinder device 14 to move the piston rod 14b downward i 
the direction indicated by the arrow A2 of FIG. 1, and the bottom surface of the scrub member 24 is mo 
up to the position to be brought into contact or proximity, with the wafer W. 

[0141] The wafer table 45 is moved in the X-axial direction with a predetermined speed pattern from thi 
state, whereby the entire surface of the wafer W is uniformly polished. 

[0142] Here, FIG. 6 is a schematic view of a state where the polishing tool 3 is made to move downwan 
the Z-axial direction in the polishing apparatus 1 to be brought into contact with the surface of the wafei 
W, FIG. 7 is an enlarged view of the area in a circle C of FIG. 6, and FIG. 8 is an enlarged view of the a 
in a circle D of FIG. 7. 

[0143] As shown in FIG. 7, the scrub member 24 carries current as the anode to the metal film MT form 
on the wafer W via the electrolyte EL fed onto the wafer W or by direct contact. Further, the polishing fr 
3 carries current as the cathode to the metal film MT formed on the wafer W via the electrolyte EL fed 
onto the wafer W or by direct contact. Note that, as shown in FIG. 7, there is a gap [delta]b between the 
metal film MT and the scrub member 24. Further, as shown in FIG. 8, there is a gap [delta]w between tl 
metal film MT and the polishing surface 3 a of the polishing tool 3. 

[0144] As shown in FIG. 7, the insulation plate 4 is interposed between the polishing tool 3 and the scru 
member 24 (electrode plate 23), but the resistance R0 of the insulation plate 4 is very large. Accordingly 
the current iO flowing from the scrub member 24 via the insulation plate 4 to the polishing tool 3 is 
substantially zero. No current flows to the polishing tool 3 from the scrub member 24 via the insulation 
plate 4. 

[0145] For this reason, the current flowing from the scrub member 24 to the polishing tool 3 is branchec 
into a current ii which directly flows through a resistance Rl in the electrolyte EL to the polishing tool 2 
and a current i2 which flows from an interior of the electrolyte EL through the metal film MT made of 
copper formed on the surface of the wafer W to the electrolyte EL again and to the polishing tool 3. 
[0146] When the current i2 flows in the surface of the metal film MT, the copper comprising the metal i 
MT is ionized by the electrolytic action of the electrolyte EL and eluted into the electrolyte EL. 
[0147] Here, the resistance Rl in the electrolyte EL becomes extremely large in proportion to a distance 
between the scrub member 24 as the anode and the polishing tool 3 as the cathode. For this reason, by 
making the inter-electrode distance d sufficiently larger than the gap [delta]b and the gap [delta]w, the 
current il which directly flows through the resistance Rl in the electrolyte EL to the polishing tool 3 
becomes very small, the current i2 becomes large, and almost all of the electrolytic current passes throuj 
the surface of the metal film MT, For this reason, the electrolytic elution of the copper comprising the 
metal film MT can be efficiently carried out. 

[0148] Further, the magnitude of the current i2 changes according to the size of the gap [delta]b and the 
gap [delta]w, therefore, as mentioned above, by adjusting the size of the gap [delta]b and the gap [delta] 
by controlling the position of the polishing tool 3 in the Z-axial direction by the controller 55, the currer 
i2 can be made constant. The size of the gap [delta]w can be adjusted possible by controlling the Z-axis 
servo motor 1 8 by using the current value signal 62s as a feedback signal so that the electrolytic current 
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obtained from the current value signal 62s, that is, the current i2, becomes constant. 
[0149] Further, the positioning precision of the polishing apparatus 1 in the Z-axial direction is a 
sufficiently high resolution of 0.1 [mu]m. In addition, the main shaft 12a is inclined with respect to the 
main surface of the wafer W at a fine angle, so the effective contact area S is always maintained constan 
therefore if the value of the electrolytic current is controlled constant, the current density can be made 
always constant and also the amount of electrolytic elution of the metal film can be made always consta 
[0150] As described above, the polishing apparatus 1 having the above configuration is provided with ai 
electrolytic polishing function for eluting and removing the metal comprising the metal film MT formed 
the wafer W by the electrolytic action by the electrolyte EL. 

[0151] Further, the polishing apparatus 1 having the above configuration is provided with a chemical 
mechanical polishing function of the usual CMP apparatus by the polishing tool 3 and the slurry SL in 
addition to this electrolytic polishing function, so it is also possible to polish the wafer W by the combin 
action of the electrolytic polishing function and chemical mechanical polishing (hereinafter referred to a 
electrolytic composite polishing). 

[0152] Further, it is also possible for the polishing apparatus 1 having the above configuration to perfon 
the polishing by the combined action of the mechanical polishing of the polishing surface 3a of the 
polishing tool 3 and the electrolytic polishing function without the use of the slurry SL. 
[0153] The polishing apparatus 1 having the above configuration can polish the metal film by the 
combined action of the electrolytic polishing and the chemical mechanical polishing, therefore can remc 
the metal film with a much higher efficiency in comparison with a polishing apparatus using only chemi 
mechanical polishing or mechanical polishing. A high polishing rate with respect to the metal film can t 
obtained, therefore it becomes possible to keep the polishing pressure F of the polishing tool 3 with resp 
to the wafer W low in comparison with a polishing apparatus using only chemical mechanical polishing 
mechanical polishing and the occurrence of dishing and erosion can be suppressed. 
[0154] Below, the explanation will be made of a polishing method using the electrolytic composite 
polishing function of the polishing apparatus 1 according to the present embodiment by taking as an 
example the case where it is applied to a process of formation of an interconnection by the dual damasc* 
process in a semiconductor device of a multilayer interconnection structure. 

[0155] FIG. 9 is a process chart of a manufacturing process according to a method for producing the 
semiconductor device of an embodiment of the present invention. The manufacturing process according 
the present embodiment will be explained based on the process chart of FIG. 9. 

[0156] First, as shown in FIG. 10, for example an inter-layer insulation film 102 made of for example a 
silicon oxide film (Si02) is formed by a low pressure chemical vapor deposition (CVD) process by usin 
for example tetraethyl orthosilicate (TEOS) as the reaction source on a wafer W made of silicon or anotl 
semiconductor on which a not illustrated impurity diffusion region is suitably formed. 
[0157] Then, as shown in FIG. 11, contact holes 103 communicating with the impurity diffusion region 
the wafer and interconnection use grooves 104 in which a predetermined pattern of interconnections to I 
electrically connected to the impurity diffusion region of the wafer W are to be formed are formed by us 
a well known photolithography technique and etching technique. Note that the depth of the interconnect 
use grooves 104 is for example about 800 nm. 

[0158] Next, as shown in FIG. 12, a barrier film 105 is formed on the surface of the inter-layer insulatio 
film 102 and in the contact holes 103 and the interconnection use grooves 104. This barrier film 105 is 
formed by a material such as Ta, Ti, TaN, or TiN to a thickness of for example about 15 nm by a physic 
vapor deposition (PVD) process using a sputtering device, a vacuum vapor deposition device, or the lik< 
The barrier film 105 is provided in order to prevent the diffusion of the material comprising the 
interconnections in the inter-layer insulation film 102 and increase the adhesion with the inter-layer 
insulation film 102. Particularly, when the interconnection material is copper and the inter-layer insulati 
film 102 is a silicon oxide film, the copper has a large diffusion coefficient to the silicon oxide film and 
can be easily oxidized, so this is prevented. The process up to the above is a process PR1 shown in FIG. 
[0159] Next, as shown in FIG. 13, a seed film 106 made of a material the same as the material for formi 
the interconnections, for example, copper is formed on the barrier film 105 to a thickness of for example 
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about 150 nm by the well known sputtering process (process PR2). The seed film 106 is formed so as to 
promote the growth of copper grains when burying the interconnection use grooves and the contact hole 
with copper. 

[0160] Next, as shown in FIG. 14, a metal film 107 made of copper is formed on the barrier film 105 to 

thickness of for example about 2000 nm so as to bury the contact holes 103 and the interconnection use 

grooves 104. The metal film 107 is preferably formed by an electrolytic plating process or an electroless 

plating process, but it is also possible to form the metal film by the CVD process, sputtering process, or 

like. Note that the seed film 106 is integrally formed with the metal film 107 (process PR3). 

[0161] Here, FIG. 15 is an enlarged view of the cross-section of the semiconductor device in the middle 

the manufacturing process in which the metal film 107 is formed on the barrier film 105. 

[0162] As shown in FIG. 15, due to the burying of the contact holes 103 and the interconnection use 

grooves 104, unevenness having a height of for example about 600 nm is caused on the surface of the 

metal film 107. 

[0163] The above process is carried out by a process similar to the related art, but in the polishing meth< 
of the present invention, the excess metal film 107 and barrier film 105 present on the inter-layer insulat 
film 102 is removed not by chemical mechanical polishing, but by electrolytic composite polishing of th 
polishing apparatus 1 . 

[0164] Further, with the polishing method of the present invention, before the process by the electrolytic 
composite polishing, as shown in FIG, 16, a passivation film 108 is formed on the surface of the metal f 
107 (process PR4). 

[0165] This passivation film 108 is a film made of a material exhibiting an action preventing the 
electrolytic reaction of the metal (copper) comprising the metal film 107. 

[0166] The method for forming the passivation film 108 forms an oxide film by coating an oxidizing ag 
on the surface of for example the metal film 107. When the metal comprising the metal film 107 is copp 
the copper oxide (CuO) becomes the passivation film 108. 

[0167] Further, as another method, it is also possible to form the passivation film 108 by forming any oi 
for example a water repelling film, an oil film, an antioxidation film, a film made of a surfactant, a film 
made of a chelating agent, and a film made of a silane coupling agent on the surface of the metal film 1( 
[0168] The type of the passivation film 108 is not particularly limited, but use is made of one having a h 
electric resistance with respect to the metal film 107, a relatively low mechanical strength, and a brittle 
nature. 

[0169] Next, in the polishing method of the present invention, only the passivation film 108 formed on t 

projecting portions of the metal film 107 is selectively removed (process PR5). 

[0170] The passivation film 108 is selectively removed by the polishing apparatus 1. Note that, as the 

slurry SL to be used, use is made of a slurry having a high polishing rate with respect to copper. For 

example, use is made of one comprised of an aqueous solution based on for example hydrogen peroxide 

iron nitrate, or the potassium iodate to which an alumina-, silica-, or manganese-based polishing abrasiv 

added. 

[0171] First, the wafer W is chucked to the wafer table 42 of the polishing apparatus 1, the polishing toe 
and the scrub member 24 rotating while feeding the electrolyte. EL and the slurry SL onto the wafer W ; 
made to move downward in the Z-axial direction to bring them into contact or proximity with the wafer 
and the wafer W is made to move in the X-axial direction with a predetermined speed pattern to thereby 
perform the polishing. 

[0172] Further, a DC pulse voltage is applied between the polishing tool 3 and the electrode plate 23 by 
using the polishing tool 3 as the minus electrode and the electrode plate 23 as the plus electrode. 
[0173] Note that it is also possible to feed only slurry SL onto the wafer W by imparting the function of 
electrolyte EL to the aqueous solution forming the base of the slurry SL. 

[0174] Here, FIG. 17 is a conceptual view of the polishing process near the scrub member 24 in the abo 
state, and FIG. 18 is a conceptual view of the polishing process near the polishing tool 3. 
[0175] As shown in FIG. 17, near the scrub member 24, the slurry SL and the electrolyte EL are fed froi 
the groove portions 23b of the rotating electrode plate 23. The slurry SL and the electrolyte EL pass 



file://C:\Documents%20and%20Settings\CAScan\My%20Documents\EPOV3\JP2001077... 2/22/2005 



JP200 10771 17 



Page 14 of 22 



through the scrub member 24 and are fed onto the wafer W from the entire surface of the scrub member 
24. 

[0176] The passivation film 108 formed on the metal film 107 is not affected by the electrolytic action t 
the electrolyte EL, therefore the elution of the copper comprising the metal film 107 into the electrolyte 
is suppressed. For this reason, almost no current flows in the metal film 107. The current value moniton 
by the ammeter 62 is low and stable as it is. 

[0177] FIG. 25 is a graph of an example of the current value monitored by the ammeter 62 in the 
electrolytic composite polishing process of the present embodiment. The above state is exhibited near th 
start position of the current value shown in FIG. 25. 

[0178] Due to the rotation of the scrub member 24, due to the mechanical removal action or the 
mechanical removal action of the polishing abrasive PT comprised of for example aluminum oxide 
contained in the slurry SL, high portions of the passivation film 108, that is, the passivation film 108 on 
projecting portions of the metal film 107, are mechanically removed. 

[0179] On the other hand, as shown in FIG. 18, near the polishing tool 3, the passivation film 108 presei 

at the metal film 107 is removed from the higher portions by the mechanical removal action of the 

polishing tool 3 or the mechanical removal action of the polishing abrasive PT. 

[0180] In this way, as shown in for example FIG, 19, when the passivation film 108 formed on the 

projecting portions of the metal film 107 is selectively removed, the metal film 107 is exposed at the 

surface from the portion where the passivation film 108 is selectively removed. 

[0181] When the metal film 107 is exposed at the surface, the exposed portions of the metal film 107 

forming the projecting portions are selectively eluted (process PR5). 

[0182] In the action of the electrolyte EL at this time, as shown in FIG. 18, the copper comprising the 
metal film 107 at the portions from which the passivation film 108 is removed, that is, the projecting 
portions of the metal film 107, is eluted into the electrolyte EL as copper ions Cu+ by the electrolytic 
action. Due to this, minus electrons e- flow in the metal film 107. These minus electrons e- pass through 
the electrolyte EL from the surface of the metal film 107 and flow to the electrode plate 23 as shown in 
FIG. 17 and become the current i2 described above. 

[0183] As mentioned above, in the copper comprising the metal film 107, the electrical resistance is low 
and the current density is increased in comparison with the passivation film 108, therefore it is affected 
a concentrated electrolytic action, selective elution occurs, and the removal of the material is acceleratec 
[0184] Further, since current is carried via the electrolyte EL, when the potential difference between the 
metal film 107 as the anode and the polishing tool 3 as the cathode is constant, the shorter the inter- 
electrode distance, that is, the lower the electrical resistance value, the larger the value of the current 
flowing between the electrodes. For this reason, if there is a difference of the inter-electrode distance du 
to the unevenness of the metal film 107 as the cathode (the higher portions among the projecting portior 
of the metal film 107 have a shorter inter-electrode distance and lower electric resistance) with respect t< 
the polishing tool 3 as the cathode, efficient flattening whereby the elution speed becomes larger from tl 
higher portions due to the difference of the current density proceeds. At this time, as indicated by PI in 
FIG. 25, the current value monitored by the ammeter 62 starts to rise. 

[0185] Due to such an action, the projecting portions of the metal film 107 are flattened with a much 
higher efficiency in comparison with mechanical flattening. 

[0186] By the above action, the surface of the metal film 107 for which the selective electrolytic compo; 
polishing is completed to an extent that the projecting portions of the metal film 107 are almost complet 
flattened becomes a composite surface of the passivation film 1 08 remaining at the portions which had 
been concave portions of the metal film 107 and the newly created surface of copper where the projectir 
portions of the metal film 107 are removed as shown in FIG. 20. 

[0187] Next, as shown in FIG. 21, electrolytic composite polishing combining mechanical removal carri 
out by the polishing tool 3 and the polishing abrasive PT in the slurry SL and the electrolytic action by t 
electrolyte EL progresses on the surface of this metal film 107 (process PR7). 

[0188] At this time, the mechanical strength of the remaining passivation film 108 is low in comparison 
with the newly created surface of copper as mentioned above, therefore when the passivation film 108 i! 
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polished by electrolytic composite polishing, it is mainly removed by the mechanical action, the copper 
surface existing under this is exposed, and the electrolytic action is increased in proportion to the area 
thereof. 

[0189] The surface area of the copper comprising the metal film 107 becomes maximum at the point of 
time when the passivation film 108 is completely removed. Simultaneously with this, the current 
monitored by the ammeter 62 rises from the position of PI in FIG. 25, rises along with the removal of tl 
passivation film 108, and then gets becomes maximum at the point of time indicated by P2 where the 
surface area of the copper becomes the maximum. The processes up to here complete the flattening of tl 
initial unevenness of the surface of the metal film 107. 

[0190] In this way, the electrolytic composite polishing of the present embodiment is polishing in which 
the polishing rate is electrically and chemically assisted, therefore the polishing can be carried out by a 1 
polishing pressure in comparison with the usual chemical mechanical polishing. This is very advantagec 
in view of the reduction of the scratches, performance in easing step differences, and the reduction of 
dishing and erosion even in comparison as simple mechanical polishing. 

[0191] Further, the polishing can be carried out with a low polishing pressure. This is very advantageou; 
when using organic low dielectric constant film or a porous low dielectric constant insulation film in wh 
the mechanical strength is low and which are easily broken by the usual chemical mechanical polishing 
the inter-layer insulation film 102. 

[0192] When the electrolytic composite polishing of the metal film 107 progresses and the excess metal 
film 107 is removed, as shown in FIG. 22, the barrier film 105 is exposed (process PR8). 
[0193] At this time, the current monitored by the ammeter 62 becomes the maximum value from the poi 
of time when the passivation film 108 on the metal film 107 indicated by P2 in FIG. 25 is all removed a: 
becomes approximately a constant value up to the point of time when the barrier film 1 05 indicated by I 
in FIG. 25 is exposed. 

[0194] When the barrier film 105 is exposed, when use is made of a material such as Ta, Ti, TaN, or Til 
the electrical resistance is larger in comparison with copper, therefore the current value monitored by th« 
ammeter 62 starts to be lowered from the point of time indicated by P3 when the exposure of the barrier 
film 105 in FIG. 25 is commenced. In this state, a nonuniform amount of copper film of the metal film 1 
remains. The polishing is once stopped in this state. 

[0195] For the stoppage of this polishing, as indicated by P4 of FIG. 25, the controller 55 determines th{ 
the current value has fallen to the predetermined value and stops the polishing operation of the polishing 
apparatus 1 . 

[0196] Next, the barrier film 105 is removed (process PR9). 

[0197] In the process for removing this barrier film 105, not a slurry SL having a high polishing rate wil 
respect to the metal film 107 made of copper described above, but a slurry SL having a high polishing n 
with respect to the barrier film 105 formed by a material such as Ta, TaN, Ti, or TiN, and having a low 
polishing rate with respect to the metal film 107 is used. Namely, use is made of a slurry SL having a 
selectivity of the polishing rate of the barrier film 105 and the metal film 107 as large as possible. 
[0198] Further, from the viewpoint of suppressing the occurrence of dishing and erosion due to over 
polishing etc., the output voltage of the electrolytic power supply 61 is made smaller than that in the abc 
process and then the polishing and removal of the barrier film 105 are carried out. Further, preferably al 
the polishing pressure of the polishing tool 3 is made smaller than that in the above process. 
[0199] Further, when the output voltage of the electrolytic power supply 61 is made smaller and the ban 
film 105 is removed, the inter-layer insulation film 102 is exposed at the surface, therefore the value of 1 
electrolytic current becomes small, so the electric resistance is monitored between the scrub member 24 
and the polishing tool 3 by the resistance meter 63 in place of the monitoring of the electrolytic current 1 
the ammeter 62. 

[0200] When the barrier film 105 is removed, as shown in FIG. 23, the inter-layer insulation film 102 is 
exposed at the surface (process PR 10). 

[0201] When the inter-layer insulation film 102 is exposed, as shown in FIG. 23, there is no metal film : 
and barrier film 105 at this exposed portion for carrying current to the surface as the anode, therefore th< 
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carrying of current by the scrub member 24 is shut off, and the electrolytic action at the exposed portion 
the inter-layer insulation film 102 stops. At this time, the electric resistance value monitored by the 
resistance meter 63 starts to increase. 

[0202] Here, between the portion where the metal film 1 07 remains and the exposed portion of the barri 
film 105, similar to the case of easing the step difference of the projecting portions of the metal film 10"/ 
that is, a concentration of the current density at the portion where the metal film 107 remains occurs by 
using the barrier film 105 as the portion having a high electric resistance in place of the passivation film 
108, and the remaining portion of the metal film 107 is selectively eluted and removed only the mechan 
action of material removal by the polishing tool 3 and the slurry SL subjectively acts on the portion whe 
the electrolytic action stops. 

[0203] In usual chemical mechanical polishing, the polishing rate selectivity of the barrier film 105 and 
metal film 107 with respect to the inter-layer insulation film 102 is made as large as possible so as to 
ensure a dimensional precision of the top surface of the inter-layer insulation film 102 using that rate 
difference as a safety margin. For this reason,-dishing of the metal film 107 cannot be avoided. 
[0204] Further, if the selectivity is set low, dishing can be reduced to a certain extent, but the dimension 
precision depends upon the uniformity of distribution of the amount of removal in the wafer plane. 
Therefore there also occurs a case where the removal of the barrier film 105 and the metal film 107 is n< 
sufficient. For this reason, in order to prevent the state where the barrier film 105 and the metal film 10"/ 
remain at the top surface of the inter-layer insulation film 102, that is, under polish, over polish of the 
amount of the nonuniformity of the amount of removal in the plane becomes necessary, and degradation 
erosion due to this over polish cannot be essentially avoided. 

[0205] On the other hand, in the present embodiment, if uniformity inside the plane of the wafer W can 
secured to a certain extent, the barrier film 105 remaining on the inter-layer insulation film 102 or the 
remaining portion of the metal film 107 are highly efficiently removed since the electrolytic action acts 
thereon. The elution stops from the exposed portion of the inter-layer insulation film 102. For this reaso: 
the dimensional precision of the inter-layer insulation film 102 is automatically secured, and the 
occurrence of dishing and erosion is suppressed. 

[0206] As described above, a barrier film 105 formed by a material such as Ta, TaN, Ti, or TiN can be 
completely removed and, at the same time, occurrence of dishing and erosion due to over polish can be 
suppressed. 

[0207] Further, in the removal process of the barrier film 1 05 mentioned above, by setting an absolute 
current value low and a mechanical load light, the removal speed becomes slower, but if the metal film 
made of the copper film of the remaining amount of the portion where the remaining film thickness is 
nonuniform is small, since the barrier film 105 is thin in comparison with the metal film 107, the amoun 
of removal per se of the barrier film 105 is small, therefore even if there is variation and nonuniformity 
this process, the absolute value of the dishing and erosion can be made to a negligible small extent and t 
processing time can be shortened. 

[0208] Further, since the polishing method according to the present embodiment is composite polishing 
mechanical polishing plus an electrochemical action, the flattened surface suffers from little damage anc 
thus a surface smooth can be obtained mechanically. 

[0209] Next, based on the electric resistance value monitored by the resistance meter 63, the process for 
removing the barrier film 105 is terminated at the point of time when the electric resistance value is the 
maximum value, that is, the formation of the interconnections is completed (process PR1 1). The control 
55 determines the value of the electric resistance value and stops the polishing operation of the polishinj 
apparatus 1 . 

[0210] Note that, before terminating the polishing, in the state where the electrolytic action is added as i 
is, by making the polishing tool 3 pass above the surface of the wafer W at a distance of about for exam 
100 [mu]m without contacting the surface thereof, a damage free surface obtained by only electrolytic 
action without mechanical polishing can be formed. 

[021 1] Due to this, as shown in FIG. 23, interconnections 109 and contacts 1 10 are finally formed in the 
inter-layer insulation film 102. 
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[0212] Then, the semiconductor device in which the interconnections 109 and the contacts 1 10 are form* 
is flushed (process PR12). 

[0213] In this flushing process, immediately after the interconnections 109 and the contacts 1 10 are 
formed, as shown in FIG. 24, a plus pulse voltage is applied to the polishing tool 3 while feeding a 
washing chemical and antioxidant to the surface of the wafer W but without conducting current to the 
wafer W and the surface is cleaned with pure water and cleaned with chemicals to remove the slurry SL 
and particles present at the surface of the wafer W. 

[0214] In the present embodiment, before the flushing, a polishing abrasive PT made of for example 
alumina contained in the slurry SL is charged positive in order to enhance the dispersability, therefore e 
in a case where the particles mechanically strike the surface of the metal film 107 made of copper and 
contribute to the removal and then remain without wear, they are not buried in the surface of the copper 
comprising the metal film 107 as the anode and, as shown in FIG. 23, re-adhere to the surface of the 
polishing tool 3 as the cathode and contribute to the next polishing. Further, the positively charged 
particles are attracted to the surface of the polishing tool 3 as the cathode, therefore they will not be buri 
in the surface of the copper. 

[0215] On the other hand, the negatively charged particles remaining at the surface of the wafer W can t 
removed from the surface of the wafer W by the flushing. 

[0216] Further, they can be similarly removed also in the case of using a slurry SL in which the polishin 
abrasive PT is negatively charged. 

[0217] When the interconnection forming material is copper, it is easily oxidized, therefore it is necessa 
to remove the metal ions or particles without altering the copper surface, but in the present embodiment, 
this problem is solved by charging the polishing abrasive PT positive in advance and then flushing the 
surface. 

[02 1 8] Note that, as the polishing abrasive, aluminum oxide (alumina) was mentioned as an example, bi 
the same applies to the case where cerium oxide, silica, germanium oxide, or the like is used. 
[0219] As described above, according to the method for producing a semiconductor device according to 
the present embodiment, the passivation film 108 is formed on the metal film 107 for burying the 
interconnection use grooves and the contact holes formed in the insulation film 102, the passivation filrr 
108 formed at the projecting portions of the metal film 107 is selectively removed, and the metal film 1( 
exposed at the surface is selectively removed by electrolytic polishing using the remaining passivation f 
108 as a mask and then concentratedly removed by concentration to the current density, whereby the ini 
unevenness can be flattened much more efficiently in comparison with usual CMP. 
[0220] Further, since the metal film 107 in which the initial unevenness is flattened is removed by the 
electrolytic composite polishing combining electrolytic polishing and chemical mechanical polishing, th 
excess metal film 107 can be removed with much higher efficiency in comparison with the usual CMP. 
this reason, even if the polishing pressure of the polishing tool 3 is set low, a sufficient polishing rate is 
obtained, the damage to the metal film 107 can be reduced, and, at the same time, the occurrence of 
dishing and erosion can be suppressed. 

[0221] Further, according to the method for producing a semiconductor device according to the present 
embodiment, at the point of time when the excess metal film 107 is removed and the barrier film 105 is 
exposed, the polishing is stopped, the slurry SL is changed to a material having a high polishing rate wil 
respect to the barrier film 105, and the polishing conditions such as the output voltage of the electrolytic 
power supply 61 are changed to remove the excess barrier film 105, therefore the excess barrier film 10: 
can be reliably removed. Even in the case where over polish is necessary, the amount of dishing and 
erosion can be kept small. 

[0222] Further, according to the method for producing a semiconductor device according to the present 
embodiment, the metal film is highly efficiently polished by the electrolytic composite polishing, therefi 
the polishing pressure of the polishing tool 3 can be made low, so even in a case where for example use 
made of an organic low dielectric constant film or a porous low dielectric constant insulation film havin 
relatively low mechanical strength as the inter-layer insulation film 102 in order to reduce the dielectric 
constant from the viewpoints of lowering the power consumption and the increasing the speed, the dam? 
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to these insulation films can be reduced. 

[0223] In the above embodiment, the absolute value of the amount of polishing of the metal film can be 
controlled by the cumulative amount of the electrolytic current and the time by which the polishing tool 
passes over the wafer W. 

[0224] In the above embodiment, the explanation was made of the case of the interconnection forming 
process using copper, but the present invention is not limited to this and can be applied to interconnectic 
forming processes using various metals, for example, tungsten, aluminum, or silver. 
[0225] Further, in the above embodiment, the explanation was made of the case of the electrolytic 
composite polishing combining chemical mechanical polishing using the slurry SL and electrolytic 
polishing using the electrolyte EL, but the present invention is not limited to this. Namely, in the presen 
invention, it is also possible to perform the electrolytic composite polishing by electrolytic polishing of 
electrolyte EL and mechanical polishing by the polishing surface 3a of the polishing tool 3 without the v 
of the slurry SL. 

[0226] Further, in the above embodiment, the value of the current flowing between the polishing tool 3 ; 
the electrode plate 23 was monitored, and the polishing process until the barrier film 105 was exposed v 
managed based on this value, but it is also possible to manage all polishing processes by the monitored 
current value. 

[0227] Similarly, in the above embodiment, the electric resistance value between the polishing tool 3 an 
the electrode plate 23 was monitored, and only the removal process of the barrier film 105 was managec 
based on this value, but it is also possible to manage all polishing processes by the monitored electric 
resistance value. 
Modification 1 

[0228] FIG. 26 is a schematic view of a polishing apparatus according to a modification of the present 
invention. 

[0229] In the polishing apparatus 1 according to the embodiment mentioned above, current was conduct 
to the surface of the wafer W by the conductive plate 23 provided with the conductive polishing tool anc 
the scrub member 24. 

[0230] As shown in FIG. 26, it is also possible to give the wheel-like polishing tool 401 conductivity in 
same way as the case of the polishing apparatus 1 and to give conductivity to a wafer table 402 for 
chucking and rotating the wafer W. Power is supplied to the polishing tool 401 by a configuration simih 
to that of the embodiments. 

[0231] In this case, in supplying current to the wafer table 402, electrolytic current can be supplied by 
providing a rotary joint 403 below the wafer table 402 and constantly maintaining the flow of current to 
the wafer table 402 rotating by the rotary joint 403. 
Modification 2 

[0232] FIG. 27 is a schematic view of a polishing apparatus according to another modification of the 
present invention. 

[0233] A wafer table 502 for chucking and rotating the wafer W holds the wafer W by a retainer ring 50 
provided on the periphery of the wafer W. 

[0234] Conductivity is imparted to a polishing tool 501, conductivity is imparted to the retainer ring 504 
and power is supplied to the polishing tool 501 by a configuration similar to that of the embodiments 
mentioned above. 

[0235] Further, the retainer ring 504 is covered up to the barrier layer portion formed on the wafer W an 
supplied with current. Further, the retainer ring 504 is supplied with power through a rotary joint 503 
provided below the wafer table 502. 

[0236] Note that by making the amount of inclination of the polishing tool 3 larger so that a gap more th 
the thickness of the retainer ring 504 can be maintained at the edge portion even if the polishing tool 50 
contacts the wafer W, interference between the polishing tool 501 and the retainer ring 504 can be 
prevented. 
Modification 3 

[0237] FIG. 28 is a schematic view of the configuration of a polishing apparatus according to another 



file://C:\Documents%20and%20Settings\CAScan\My%20Documents\EPOV3\JP2001077... 2/22/2005 



JP2001077117 



Page 19 of 22 



embodiment of the present invention. 

[0238] The polishing apparatus shown in FIG. 28 is obtained by adding the electrolytic polishing functit 
of the present invention to the CMP apparatus of the related art. It flattens the surface of the wafer W by 
bringing the entire surface of the wafer W chucked by a wafer chuck 207 into contact with the polishing 
surface of the polishing tool comprised of a plate 201 to which a polishing pad (polishing fabric) 202 is 
adhered while rotating the wafer W. 

[0239] Anode electrodes 204 and cathode electrodes 203 are alternately radially arranged on the polishii 
pad 202. Further, the anode electrodes 204 and the cathode electrodes 203 are electrically insulated by a 
insulator 206, and the anode electrodes 204 and the cathode electrodes 203 are supplied with the current 
from the plate 201 side. The polishing pad 202 is constituted by these anode electrodes 204, cathode 
electrodes 203, and insulator 206. 

[0240] Further, the wafer chuck 207 is formed by the insulation material. 

[0241] Further, this polishing apparatus is provided with a feeder 208 for feeding the electrolyte EL and 
the slurry SL to the surface of the polishing pad 202, whereby electrolytic composite polishing combinii 
electrolytic polishing and chemical mechanical polishing becomes possible. 
[0242] Here, FIG. 29 is a view for explaining the electrolytic composite polishing operation by the 
polishing apparatus having the above configuration. Note that, it is assumed that for example a copper fi 
210 is formed on the surface of the wafer W. 

[0243] As shown in FIG. 29, DC voltage is applied between the anode electrodes 204 and the cathode 
electrodes 203 in the state where the electrolyte EL and the slurry SL are interposed between the copper 
film 210 formed on the surface of the wafer W and the polishing surface of the polishing pad 202, durin 
the electrolytic composite polishing. The current i passes through the electrolyte EL from the anode 
electrode 204, is transmitted in the copper film 210, and passes through the electrolyte EL again to flow 
the cathode electrode 203. 

[0244] At this time, near the interior of the circle G shown in FIG. 29, the copper film 210 is eluted by t 
electrolytic action. The copper film 210 is further removed by the mechanical removal action by the 
polishing pad 202 and the slurry SL. 

[0245] By employing such a configuration, effects similar to those by the polishing apparatus 1 accordii 
to the embodiments are exhibited. 

[0246] Note that the arrangement of the anode electrodes and the cathode electrodes provided on the 
polishing pad is not limited to the configuration of FIG. 28. For example, as shown in FIG. 30, it is also 
possible to employ a polishing pad 221 in which a plurality of linear anode electrodes 222 are vertically 
and laterally aligned at equal intervals, a cathode electrode 223 is arranged in each rectangular region 
surrounded by the anode electrodes 222, and the anode electrodes 222 and the cathode electrodes 223 ar 
electrically insulated by an insulator 224. 

[0247] Further, for example, as shown in FIG. 31, it is also possible to employ a polishing pad 241 in 
which annular anode electrodes 242 having radii different from each other are arranged in concentric 
circles, cathode electrodes 243 are arranged in the annular regions formed between the anode electrodes 
242, and the anode electrodes 242 and the cathode electrodes 243 are electrically insulated by an insulat 
244. 

[0248] Summarizing the effects of the present invention, according to the present invention, since the 
metal film is polished by the composite actions of mechanical polishing and electrolytic polishing, in 
comparison with the case of the flattening of the metal film by mechanical polishing, a very highly 
efficient selective removal and flattening of the projecting portions of the metal film become possible. 
[0249] Further, according to the present invention, since current is supplied using the polishing tool as tl 
cathode, the phenomenon where the positively charged particles and polishing abrasive in the polishing 
agent are attracted by the polishing tool and remain on the wafer surface can be prevented, thus the yiek 
can be improved. 

[0250] Further, according to the present invention, since highly efficient removal of the metal film 
becomes possible, a sufficient polishing rate is obtained even with a relatively low polishing pressure ar 
the occurrence of scratches, dishing, or erosion in the polished metal film can be suppressed. 
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[0251] Further, according to the present invention, since a sufficient polishing rate is obtained even with 
relatively low polishing pressure, even in the case where an organic low dielectric constant film or poroi 
low dielectric constant insulation film having a relatively low mechanical strength is used as the inter-la 
insulation film in order to reduce the dielectric constant from the viewpoint of lowering the power 
consumption and increasing the speed of the semiconductor device, the invention can be easily applied. 
[0252] Further, according to the present invention, since the barrier film remaining on the inter-layer 
insulation film or the metal portion is efficiently removed due to the electrolytic action and the elution 
from the exposed portion of the insulation film stops, the precision of stopping of the polishing can be 
automatically secured, and the dishing and erosion can be suppressed. 

[0253] Further, according to the present invention, since the electrolytic current can be monitored and tt 
polishing process managed, it becomes possible to correctly grasp the state of progress of the polishing 
process. 

[0254] Further, according to the present invention, since the electric resistance value between the polish 
tool and the electrode member is monitored, even in the case where film through which almost no currei 
flows or current does not flow and the metal film are simultaneously polished, the polishing process can 
correctly managed. 

[0255] While the invention has been described with reference to specific embodiment chosen for purpos 
of illustration, it should be apparent that numerous modifications could be made thereto by those skilled 
the art without departing from the basic concept and scope of the invention. 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: US6693036 

What is claimed is: 

[0256] 1. A method for producing a semiconductor device, including the steps offorming an 
interconnection groove for forming an interconnection in an insulation film formed on a substrate, stack 
a metal film on said insulation film so as to bury said interconnection groove, forming a passivation filn 
exhibiting a function of preventing an electrolytic reaction of the metal film at the surface of the metal f 
stacked on said insulation film, selectively removing the passivation film on a projecting portion existin 
at the surface of said metal film generated by the burying of said interconnection groove in the passivati 
film formed on said metal film by mechanical polishing and thereby exposing the projecting portion of I 
related metal at the surface, and removing the projecting portion of said exposed metal film by electroly 
polishing and flattening the unevenness of the surface of said metal film generated due to the burying of 
said interconnection groove. 

[0257] 2. A method for producing a semiconductor device as set forth in claim 1, further including a ste 
of removing excess metal film present on the insulation film from the metal film with the flattened surfa 
by electrolytic composite polishing combining electrolytic polishing and mechanical polishing so as to 
form an interconnection. 

[0258] 3. A method for producing a semiconductor device as set forth in claim 2, wherein said electroly 
composite polishing combines electrolytic polishing and chemical mechanical polishing. 

[0259] 4. A method for producing a semiconductor device as set forth in claim 2, further including the 
steps of: forming a barrier film comprised of a conductive material for preventing diffusion of said metal 
film to said insulation films so as to cover said insulation film and the inside of said groove after formin 
the interconnection groove and removing the excess metal film present on the insulation film by 
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electrolytic composite polishing until the barrier film is exposed at its surface after a projecting portion < 
the exposed metal film is flattened, and removing the excess barrier film present on the insulation film t 
electrolytic composite polishing until the insulation film is exposed at its surface. 

[0260] 5. A method for producing a semiconductor device as set forth in claim 4, further including the 
steps of: interposing an electrolyte between the polishing surface of the polishing tool having conductive 
and the passivation film and supplying a voltage between the metal film and barrier film and the polishi] 
tool using the metal film and barrier film as an anode and the polishing tool as a cathode; making the 
polishing tool move relative to the surface of the passivation film to selectively remove the passivation 
film formed on a projecting portion of the metal film; and making the projecting portion of the metal fill 
exposed from the selectively removed passivation film elute by the electrolytic action of the electrolyte. 

[0261] 6. A method for producing a semiconductor device as set forth in claim 5, further including the 
steps ofbringing the electrode member supplied with voltage with the polishing tool into contact or 
proximity with said metal film and barrier film to pass a current to said metal film and barrier film, and 
monitoring the current flowing to said polishing tool from said electrode member through said metal fib 
and barrier film and managing the progress of polishing of said metal film and barrier film based on the 
magnitude of the value of said current. 

[0262] 7. A method for producing a semiconductor device as set forth in claim 5, further including the 
steps ofbringing the electrode member supplied with voltage with the polishing tool into contact or 
proximity with said metal film and barrier film to pass a current to said metal film and barrier film, and 
monitoring the magnitude of the electrical resistance occurring between said electrode member and said 
polishing tool and managing the progress of polishing of said metal film and barrier film based on the 
value of the electrical resistance. 

[0263] 8. A method for producing a semiconductor device as set forth in claim 5, further including a ste; 
of interposing a chemical polishing agent including a polishing abrasive between the polishing surface c 
said polishing tool and said passivation film and selectively removing said passivation film. 

[0264] 9. A method for producing a semiconductor device as set forth in claim 5, further including a ste; 
of removing said excess metal film and barrier film by using different chemical polishing agents with hi 
polishing rates with respect to the materials comprising the metal film and barrier film. 

[0265] 10. A method for producing a semiconductor device as set forth in claim 5, wherein the step of 
removing the excess barrier film includes a step of reducing the voltage supplied between the barrier fill 
and polishing tool from the voltage supplied between the metal film and polishing tool in the step of 
removing the excess metal film. 

[0266] 1 1. A method for producing a semiconductor device as set forth in claim 2, wherein:the step of 
forming the interconnection groove includes the step of forming a contact hole for connecting an impuri 
diffusion layer or interconnection formed at a layer below the insulation film with an interconnection 
formed on said insulation film together with forming an interconnection use groove, and the step of 
burying the interconnection groove with metal includes a step of burying the contact hole together with 
interconnection groove with metal. 

[0267] 12. A method for producing a semiconductor device as set forth in claim 11, whereincopper is us 
for the material forming the interconnection, and the interconnection groove and contact hole are buried 
with copper using an electroplating process. 

[0268] 13. A method for producing a semiconductor device as set forth in claim 4, wherein any of Ta, T 
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TaN, and TiN is used for the material forming the barrier film. 

[0269] 14. A method for producing a semiconductor device as set forth in claim 1, wherein the passivati 
film comprises an oxide film obtained by oxidizing the surface of the metal film. 

[0270] 15. A method for producing a semiconductor device as set forth in claim 14, wherein said oxide 
film is formed by supplying an oxidizing agent to the surface of said metal film. 

[0271] 16. A method for producing a semiconductor device as set forth in claim 1, wherein said 
passivation film forms on the surface of the metal film a film comprised of a material exhibiting an actio 
of preventing an electrolytic reaction of a metal comprising the metal film. 

[0272] 17. A method for producing a semiconductor device as set forth in claim 16, wherein said 
passivation film forms on the surface of the metal film one of a water-repelling film, oil film, antioxidar 
film, a film comprised of a surfactant, a film comprised of a chelating agent, and a film comprised of a 
silane coupling agent. 

[0273] 18. A method for producing a semiconductor device as set forth in claim 1, wherein said 
passivation film has a higher electrical resistance and a lower mechanical strength than said metal film. 
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WIBBfBl^kcoiatWJirtSBffiJ: 0 ttBKiTSlii* 

[is*ibi 1 3 mi&*mmi&i8&iT.mz* mmi 
mmmm&ttuz. mmag&TMtzimztvfc 

«T82S»fflait:All«r*ftat;XeH, H?fEiEI8ffl«k 

t^zmi^y?? b*-Mz&&zw.#>&tim$m 
izmi<n¥m#mw.<r)m&mti. 

zm^xm&M#>&tsmmi uzism&pm&ma 
immi 33 ffiiwrmmmttmi. t 3 ,t 

fER<t8SS:mtl»tt*« 1 4 tiEaw^fl^B^R 

zm?&m®<?)m±mfct zmm 1 iztm^^m 
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imm 8 ] mi^mmmii. mz&MA* o t . « 

SlWJfitfeWK, ««W3SJS* { (Sv^JSiCie 

imm2 o ] mmmmnmivwftmmmmmk 

•fl-lf *B 1 9 £IBfB0Bf£§§iE. 

111**2 1 3 mivmMmzzmt. mmmmn 
mmmmmizmmmt tzummmizw&zti. 
mimmmmmmmmmt ixmwmm 

iaiifgk inrffiffiitiji fc oroawewa* war*- 
•saamist £ffi*.*m$3 i izmtmmmw. 

\m&2 3 ] mmmmxmt. >m -mmwm 

Xti"). 

ti. mm\mTMtbUzmmt&mm^mmm 
x.mtM2 1 izimmmm.. 

tS^^77'g|5W5rffl^Sn*iH2 3CIEtta8f£§g 



a. 

[if** 2 6 1 irffiBfeiwi. BufBuiiKfi^&icii 
fe^^^mttgBfft.koT^^^Tfc 1 ). Maine 

&fi**2 1 CIStt<90R8£S. 

[»**2 7 1 ffrmtsatttt. frieffisf^Jt^^ 

&&«** 2 3 tfEttOffiOgX. 

$ t>izffiz_ mxm 1 9 fcMoffiesEs. 

[B*«2 9] luIESWe^ft^gfeffl^SiL^ 

friE«tiai«i: friESf aift t o^co«m»fii^^ait- 
a. 

t . ffiEmwpmss^^-st 44 j: o \zmmmi& 
tmrnmrnnmit mmto<?>®M*vmtivm 
^mzuzftt&mm wztmmmm., 
imm3 1 ] wmmttmwmmwv&wizmzi 
ztfimkt&mmiirthmmzRim*.. mm 
fflmftmtommmmmizm&zitKtfhmMZitxy 
mmmtmmmx'h^x. 

U 

mmmmisx^mmmmimx.. tmmmnzimm 
mmtmzmwizx mmmt m^itzvmm^ 
mizi^xtmmmmmmmmiwmmg 

imm3 2] mzmmizmmmmstsit^mm 
3 1 (cgsttoBfeigs. 

twit n^sii: immmmmcommm 
tlx. mmmmmvmfrbmmgxmzm 

mrfEmw^i: zmmmtoxr/mmmmiz x mm® 
itzwm^mzi, nxmimmmnm^z 

<nuzmiwmb t h izmmmkz^tsivmmm 
ft&Zit. mMmMmzximmmtmmmmti* 
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zmmmmmztixa o . 

cr>*$ zi,zm^xmm<7)m?fZ'gmi-&imm3 3tc 
imxm 6 ] mammxMbmimmmMmmcomm 

[ff*ja3 7 ] mmmmsmM^m^trj-zmm 

tt^nm^mmtmmmssizimcofflmiim. 
imm 8 3 msmmmmmmxMb 1 *> tin 

Iiwtia3 7tiett«»w^t6. 
mnztm<Dmmm. 

imtmo] mffimmizsttimmmLiiEizm 

St. 

[R*«4 2 3 i!«!gffik firiS£JRJ&k WHtUiE* 

•cfne^ift!S)R*s^WK^*-ri>is^«4 1 ice**> 
[ii*«4 3 3 mvtwsmt, mtm,m.<nm&*& 



zmi&mmmm±.\,zmmmim4 1 tzimm 
®n&. 

[n*ja4 6 3 «sm»im!ftiiH^ffiBK:«ssi^ 

titSJ***. l?ie^«8!l^jii8-fl»iS^S4 lfciBffitf) 

4 6CIE»<0Bfe*S. 
[000 13 

tiztmmmbzmmmmt i>^*m&mmnmm 

[00023 

x/c*$o, *mftmw<r>m&Tu*xizm&m%m 

&a¥9ft3gXa£ttfffifc UTT^5--7^ ( a l ) 
*>fc. wetffite7iU$-*rJ» (a l ) frf>ffl (Cu ) 

uzwMzmm&b. ffimkftxurhvuru 

-v?>M&Zm$.X'%hb\->oXV--,ytffoh. Z.<r> 
CutiSRtftfflLfcTn-fe^-Ctt. fcfcitf, *><5*> 

ig.tb&fr. CMP (Chemical Mechanical Polishing: <fb 

ifeteJ:or*iWrAiyitl»*L'CB«* 

^■fS. ^Vi/y (damascene) ffifc ilfflSffilgT'n 
■fe^***^t=flr-jTV^. ;^7i/^, ISHcox 

zuz. Mfflmmzffl&mx-KK, ay 

£ HBlfc&JlTSibjitf r J.T /l^y -7 is V (dual damasc 

ene)i£t-« . $ kiz*m%w&x.M<?)nwm®t% 
h. 

[0 00 3 3 zzx\ ±Mie>T*.7)V?''?i'ymz£l 
W&Bf&Tn-tZCD--M( / z^xm3 2~03 7 $r#Bg 
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<f. jSECVD (Chemical Vapour Deposition)^ J: 0 

^rnimfammihay-?? v*->v3 o 3a xv 

»£3 0 1 Wi|ifi!t«ijcm^i:«mWtc^§itl»fi)r^ 
^•^-yoien*«?^s?S3 0 4 $r^a^7 * h 'J 

y^57^ ma xvz- v+yfmzm^xBtftt 

<X^X\ 03 4fcTcf<tdfc:, a'»J ^§|3 0 5 £Jf 
08^113 0 2c7)^ffifcJ;l>'r}y^^ b*-;l/3 0 3. 
»3 0 4|*|fc:#jS1-S. i«AU^R3 0 5«. fcfcx 
tf, Ta, T i , TaN s T i N^<9*m£4H3l<DXK 

7?SCJ:0Mt5. Ay-WR3 0 5ti. BM^Rift 
**trotf«attRIB3 0 2 4«ffct&^£f*±-f£ 

3 0 2 tf^ 'J a yBMtttoj: o Stftefctt, c u (i j/ u 

[0 0 04] iX^t. B3 5(C^-J:d(=. ^■fJA*K3 
0 5±fc. i/-HCuM3 0 efc&ttowWi'ffiCJ: 

3>^^h*-;P3 0 3fcJ:l/ai3 0 4*Cura«>a 
trJ:3fc, Cu«3 0 7S:»«r6. Cu^307{i. 
fcfciJf, ^-ydrffi, X^-y^tiot 
Mto. fcwr, H3 7 tractive. «IQKt»R3 
o 2±«o*»*c uR3 o 7axw^j^m3 0 5 £c 

«308;l3j:tf3y??r-3 09fc*«#jfc3*i*. ±12 

itz7u±zzmmo8±.x'mmiftoztiz£ 

[0005] 

&#fi:CuJR3 0 l&WVJ-rm 0 5S-CMPatc 
J:oT**f*I«fcBVVC, Jl[3Rg8jK3 0 2 2:Cu 

13 o 7nxw^jm3 o 5fc^i$*ti:fg##S&*><: 
. 'jtxf^m^ti^ww 

SLit. f^y^y/'li 03 8{C*-fJ;at^ tztl 
(2\ 0. 18,um/V- ;K0rf A yiV-Mz&wz. tz 
tUf. 10 0/im8flWJ:5&«*)j£^aiR3 0 8# 

t 3 0 8 <0RiB»&OFJM-S fc*> . ffitSUScffiffi^Jl 

3 0 0 0 jj. mcOieHt 1 . 0 u mCOQgcOfflMtf 5 0A- 
•b y h coap*-C» JS 3 fit ^ 6 J: o n" ? - y^JKO^ 
^#>WfiMfc:l&*$*lT L £ 3 SILT'S, 0 . xn-y 

g >-*m-ri> t mmmmmmfit&Ktb. turn 



fc, liaM6IMIl3 0 2kiai3 0 8i:W«|ffT5ai3 0 

tmtKcl. ZUz. ^Cui307fcJ:^A*yt 
K3 0 5*CMPffifc:J:oTW>*'*4I8'Ctt. Cui 
3 0 78 W*y*ll3 0 5 

btU. 500nm/mi nVlttft&XolZgXZtl 

x^h. ^mmv-vm<tzmz^ a,-^zm 

tSt. @4 lCgrti^fc. ffiiaw:x?77fs 

cWi*;^w-•;cDimw<i , ), £ic. 

lEWr-f 'y^y^. in-y 3 y, y-teX<7)$S£fii± 
[0006] *SWHi, JJBLfcWHfc«*T4rS*ifc 

[0007] 

m%.v>®imz*Mz®mit. %mm® 

mmmmnmrniztt mh-H$w% w&m^sma. 

tmt mtmmxmmmm t tttfewmizmi xm 

mw±£wmt:imt6wmim&&b . mesm 
mmMcoimmmmt immmxM zm&t i 
x, mmmm^imwmmixmmmxM 
izmzmzmimtzzMzmmBt £t? 

[ o o o 8 ] *mm%mmi. mmm> 
mwm<r>£miz®& i,%ifie>imt&mmmzirt- 

mtttfh®fo^x^mtm®tmmm.x'b^ 
x. mmm±izmmmzmtz>w,mmm£ 
*ru mtmmmizmEmmmttmwwttmwi.zmm 
*sm!8immm*v®m%m£ffit. mimmmiz* 
zwmmtmffimizxmMmb i®&Ltz% 
nm&mmiizt. ->xmimmmnmi^ms\mm^m. 
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[0009] *wmmwiMi.* mmncomrnxm?) 
mmmmnmt ^mmmar^^xwLn 
ffimtix. mimmmn^m^m^^mmmx^ 
mx^b mmmmnmnt zmz®&ztttft>m%. 

miz x ^xmmmmnm 

i o o i o i xmmmmii. mmm 
m&i}titz&mmmizmmmi&<?)WM$.jB$:m 

<r>wmx&<nm®m t mi&mm t n^wm* 
z-exmmmt&mtzwim. fries? 
mx&t mz&mmt mzmfennmz mathxm 
t. mfflttmxM<nmmffibmffimmftnm<7>&mm 
tmfev>*miz®^xm&mzit. wz&mcoo 
mmmxMcommmiztf ixmta tt:au±.wm 
mmmmmxMcDWMmmizx^xmMMmi;? 
&xmt, mii^mmmtm^tixmmizmttiLtz^ 
mcobttzmmmmzi: immmftmzx^xm 
zixmsi&mmzwti-zxmt £3nhs>„ 
toon] ^ftwnimftmmnmmiTmz. mmx 
m&$ixKffl£mzm%mfcfif.iiibcDmkmm$: 
mmhTMt. mmmimmzm.ib&tsxditz. mm 
immx^mmmm^ixmb. mvmm±.iz 
mitz&mnmiz%m&m<?>mMRfc£mf& 
mmmttmmmmm-hxmt, mz&m 
izBfcztifz^mmmoh. mam^mm^mih^ 
iz t ot4 imusmnmiztt? 
mmmwm®iz^xm>mzmiL. 
uzmizmmz-tziint. mznmuc&mmnCi 
gun.mmzx^xmki. m?Mmmm<o®#>&?>. 
k x -> x £ t tzmz&momowih i^-mtthx 
st^rri.. 

[ o o 1 2 ] ttz. *m<v*mfrm.<?)Wkifmz. 
mmmi)mmztiK&mcomi&®®±iz&$it 

m^mx-yxmn. mmmmmhxuzz 

[0013] *%w<v*mft$im<7)WMi}mx'iz. mm 
izw{htfb6£mmiz^mmi&$:Bj8Li. T^mmmm 
Mmz®£tz>ztx\ &mmco{hmmmzmait 
h. z^mcDamm^tz^mmm-fxri ix 
nMmzx&wMftmizxixmtRmzmiiith. z<r> 

{hmmtztitz&%mtt. •mm^mm^x^xmm 
mzmzti. fztm\ %mm&L-t$>mztm®±. 



iziftti%m&mm*isifcmzmiztih. 
^mm^m^tixmmmijmta-t^b. smmzza) 
m^mmmm±t. tmmzm&ztitcWMm 
izmih&t tifzmmimuzmzztifr > . 

[00 14] 

xw®*%m.Lxmmh. 

muz. *m<v~mmmmz>mmmm®.z* 
tmx'bz. m2im i iz^tmmmsotox^-y m 
c>mmfckmx'bh. m i iz^-rmmtuw. i «a. mx<\ 
7 F352 b . HMtm6 i b . mmw i zmmm 

nb. mMm%m3.8ib£ffitx^&, n 
*utvw. mmmsnz. ?v-»v-AMzWiW.z 
ti. m&-?v-y>u-j*mzizmmmttmibix<w 

X-hf)mit>ixX^&. Z?>MftAX-b£ 

mix^^j-y^-Mzmx^titc^x-j^^-y h 
b m^w. i b mx'v x -> i z n o ^ x - 
mmaXvvmtiiAx-hbmimwi t«cf£ 

[oo 1 5] jpi^v Ka52(i. mmxm3^ntm 
m^t. mxM:3^9kmmmxMm^i it. 
mmxM&ftffli i Srzw^[fi]^@gaatc{aa^t 
i»z«iffia^«ffigP3 it. wmmmfab ixw 
^wzmb®mitxmjjwz®m-t& xwrntm 
®%4 1 1 hi**. mmxm&%> 1 1 
Bfjcogf^imii]i6^^^s^-ftf*wt«je ix a o . 

X«^UWIi»4 1 #*#»a@<E«!^KfcilflS# 

[00163 zwmm>wffi&3uz. m^i*^ 
2fcct^±w^-^i 3taais*i, znw-^t-^ 

zmnz^mumzm-thm^itt^^Mzwm. 

ZttfztfJ YV-flsl 7fc*^Tf 4. 
[0017] Ztt-t-^t-^ 1 8tt, zm-t-tt- 
9 1 8{c^§iX7tZ«F7'f^5 2*^|gi«a* ? tt 
!X-/^yll8alt Z« 
*|6l*|6|t:»oTiaJtfetl, -«* { ztt-9--^-^ 1 

fitJO, ZttffljB8W>«lf»3 ltt. Z«-t-^- 

^ 1 8<oii: <t ot , weis^a 1 1 izmtzti. 

mmxM 3 £ Z»*i^ffiKco<2SK:i$»<2Ki*»'t 
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[0018] YMfflmm* 1(4, ViAWtft^y 
y-fh^x.^T-^)VA2b. -)iAf-^4 2?:|ll 

£liie$tf*iB»:fi*tt^*8»i*-*4 4i:. m 

4 6 £ . »^B4 5fc»»t 7 1 , m 

»*-*44fcJ:tflM*§ffl4 5^a$fi*:Xtt.*9 

-?49t. X»*-jK*-*4 9fc««Sftfc#--/l' 
*>Hl4 9afc, XNA94 ^4 8«S*S§;h.#-;U* 
3*14 9 a t*^-t6*^»*«»jR$ilfci«riSa5«4 9 
bfc££tl>. 

[00 19] •)xAf-7*/M2{l fcfc;i(4, S^fR 
•^Rfcio'O xAWfcijRt-fS. JpiM>4 7(i. 

&(t<->*lTV>£, iElFE-?44(4, t-7VPF54a' 

£<3ffi»«8S£IH*W-4£fcT**AT- f)V4 2 SrRJf 

?4 9(4, XW^--1ft-^4 9t«gttSilfcX*H7 
4 A' 5 4 5 fH>|g»«^C J: -> T @e«8» L , 
X«X54 /4 8*^-^^^W4 9 afeit^IKOT 
4 9b*rtLTXMtfnW=B»tS. XHW 
4 9 ttt*&t*»«l«iS*MflW-& i t C J: 
~>T, <7x-Ar-^4 2COX«|^|6lOjftK$0ffll* J nr 

[0020] H2<i, mmumn m 1 1 ort^«ito 

-M**tac*4. WBI^fia*»l H4, 

3fc. ®mi-%3*$m*h7*7> > jm4b. ?y> 
i?m4*®m&zmtm¥ms.\ 2t, mm 

a 1 2 ICffttStlfc&fl 1 2 a tSHStSftSSa-li 1 2 
a £@SK$-tM» 1 3fc, 1 3±K 

!6ftfe*ut^y>'^B14fc*flli6. 
[002 1 ]±tt*-*13(4. fcfcitf, ^>fU?F 
F54 T"*-?*^^, Z.(nyAV>9YYyA-f^~ 

ttl 2 aHatSSflTV^. 4£. 1 3(4+ 

$MiZ : s U y 1 4 <0tf X b y o -y K 1 4 b **# A 
Sft4Jt»?L*WLT^4. 1 3(4, ±«F 

a' 5 1 *>fc£l&3*iSBl«8WcJ: oTBWSii 

[0022] g&£a 1 2(4, tit ir^r y y 

Ci4t«J#LTV>4. ffi^Hl 2(0±!ffll 2at«f 
-Mt y 'J y ^8 1 4 tfOtX F y Q >y F 1 4 b tfifA 

[00 23] 77yy'M4li, A»ffi*»fe»«S<l 
Tfcv. ftft£Sl 24>±H1 2at3MS3fU ffigflt 
BSPS4a£fi;U T3S®4b(cWeift3^ia*^ix 



TO*. 7 5:^aW4<0JJBifi4cMI4«i5iBI12 
fc«83*lfc±*ll2afcjB&3fiTfc9» ±il2a 

0|llC(CioT75yj'18W4klBllK*S. 77>^ 

W4W±ffiffl4 c(4, 1 3*>4W5M#3§Bl 

tzmn77i'2 7tmMLxj3 r ). mv.fy^27ty 
y y : JUtt4 1 uwMmzmmz tix^s. 

[0024] ^yy^ai 414, 1 3<T>7- 

-XUzmfeZtlXH 9 , t*Fyi4a£(*Jji£lT;fc 
0, £XFyi4a(4, fctitf, WVfWLlAft 

tliPWfaZlZffimZtlh. ZCDVAby 1 4 aCli t° 
X h yo 7 F 1 4 b#3g|g§*i.Tfc 9 , F yo -y F 

1 4 b(4, ±1**-* 1 3*iJ:tf«J$8Hl 2*><t»4>£ 

7y> ! smi4<r)mn&4a.frti>%%iiiX^ 
&. b'XFyo-y F 1 4 bc05tS(c(4, ffffi$tt2 1# 
«S£$ixTfc9. ZOWEm2 K4exFyn-yFl 
4 b tdtt LTmS<0KH^^!g*^i6=S:aBS««t= 

£sa$*i.fc*e«K2 2<obhp2 2 ammmzm^ 

mt^Xti'O. b"XFyo-/F14b^EnA273(6] 
^8B»tJ:oTiei8fi2 2*ffE'r4. 
[002 5] ^';y^ai4cOfXFyo yF14b 

««2 0*>'JfA$ix, t*Fyn-yF14blC*fLTBI 

mztix^z. ji««2 0{4, mmmm»t>TM%ti 

Tfc9, ±»J(4x'jy^ai 4c0fXFyi4a5- 

wtixisv yymm. 1 4jb.cffctt&*ifcn-* y s; B 

^M5 itWtii 1 ) , TSSi, fx F yo -y F 

1 4 b a 4 tflpflE sp« 2 1 * mm Lxmrnm 2 3 1 x-w 
T/Xt5<). wm2 3iz®mtix^h, 
[0026] }i«M2 0(4, *<bmzxm?umfczti 
Tfco, zmmiitfitzmmi (zyv-) awn 
tm*T7x-'Vfi±.iz&te?&&tesx>i>t%ix^ 

6. ii«tt2 0(4, D-^U^a-f yFl 5t, 
mMU2 3 1 Sr«M9K:iai)W6!5MPJ*ftfc LTV^„ 
[0027] HeM 2 0<0±»B«Bt««S*i.fco-^ 9 
^'g^fyF15(4, a)Wtffi6 1<0r5Xttfc«a«C 
SSRS*iT*J9. iOo-^y^'a'f yFl 5(4aH£W 

2 0jMaHELTtaWI«2 0^<oaa«r»IH#r4. "t^r 
b*>. ffl««2 0(i;[5ICLTt>a-r5'y> ; 3-f yF 1 5 
C4-5-C«)Sflfi66 lfrkTyZ.nfgtiLtfQWaZtLl. 

[0028] a«tt2 0<OTiBia5C«SRSitfc«ffifi2 
3(4, £H*ffla»fc$:9. »>x-AW|C«*8ii 
&^JSK4 0«r*A*T»J«SiiTV^«. «tt«2 3 
(4, ±ffiffla* J *fi3i«2 2(2«»$nTfc9. €ffi«2 3 
<0^jg»(4»(MR2 2K:K^LTtJ l 5. Tfflilt(4X? 
9^W«2 436«»»Sfi-CV>S. 

[ 0 0 2 9 1 ^T', 03 ( a ) |«2 3cr>mm.<D 

-m*7fitTwmx'b 9.03(b) itnmm 2 3 1 , 
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a«W2 0» Z?97ffit2 4t5£M&»mt4b0>1lL 

wmmw-rwiMmx'b&. 03 u> sc. 

TOR 2 3<0**»fcliR#*)|l!Cl«2 3 ajWRJtfcft. 
TfcO, i«BlP*2 3at+iM:Wi*2 3«)*a» 
mc»»ttfcW*«fta»»2 3 b*«$ft-o> 
4. 4fc. H3 (b) t^-fiat. ttK£2 30Ma 
«2 3alCJi. »TO2O«Ti^0 t ttteH*&fl-C^ 
6. i<OJ:p*»JSk-f&ifC, a«*2 0O«K* 
fcJWS*l*HI»yX/P2 0a*a&Tttl&«*l**5 
U -*J ctt/SDfJS* 1 ^ 2 3 b X ? 5 7SBW 2 

4<o£ffl£8«rt-4J:3fc:$r-o"0>4. -t&fc^, 
«23t. 3MM2 0. X?57*#2 4:fcJ:t«as 

0^>i^zm^tlk^yX^2 0 a£SItTX? 

fc. X?57aW24fcJ:lfilOT2 0<9G8&>'X/W2 
0 a*{*^O0f^J«*&#St5«J:U f «WJSttl&^S<O 
Hl*fllC*tJ6LT^&. Sffi«2 3. 3i«tt2 
0 fc J: Vu—5> U g -Y y M 5 *<*»W<WK¥S» 

[0 0 3 0] TOfi2 3ttTffifcK»3*ifc.*?578 

MB* fcTHBfciffiiStf* £ k 

^TM^fflk&oTfcO. ^x-AWWmc*??-* 

jJWfSHSB. !K'Jt'^7t^-;KPVA) &k'<08J 

[003 1]^»«22<i. £k*.Jfs -fc5$?Xl?0 
ttSm^fcJBJSSfiTfcO. £<0«MS«2 2{i1MR« 
^<0illSSm2 6t:J:oTflm«Bl 2<9±»l 2a 

caassfrcv^. jH§gOT2 6ti. *e*is2 2«o4*& 

«*>4>»rJg^gfi[Bt:^iaiBfciiBS*iTtJ'3. «8 
Sill 2<7)±ttl 2afc«UTWiattlCfl»8*lTV^ 
4. £WfeA, tttHK2 2(i±ttl 2 ao«rtriftjt:8« 
"JITe**. 4fc. ffi^«2 2t±»l 2at^PaC 

«, *a»siaw2 6t»jBLT. tztut. o-ovxr 
y^*»4>*s»ttaw2 5-c»KS<i'Cv^. 

[00 3 2] &t»8i22£ftft%ill 2<0±»1 2 at 
*N/C#»S£fcU fg&l£2 2k±ISll 2ak£5¥tt 
«*f2 5 , cai«-4flWt-r4ii:fc:J:'), v'jy7§£ 
S 1 4 fcffExrfcffifcLT trx h yn -y H 1 4 b 
EPA2W|6]^fcTK§*l)k> J¥fflK*f2 l#*Wtt*tt 
2 5««5EftfcJife-5TlfilWi2 2*T#fcJ¥ LTW\ 
CflfcfciCX? 57*1*2 4 fcTRW-*. 
ijy'J y/^a 1 4^»Ex7tf>tt*fr«:fM:** k . 



5Hx*«2 5^fg7C7JtcJ:o-C. lfi«K2 2ttJ:#U 
£ftkk£>KX?57*1*2 4i±#-f4. 
[0033] ffiglft 314, 75 Vi>®M4 C7)S#<7)T 

ivmzm^tixa o . TJHstcatR^weis 3 a £«i 

WH^W-ts^w^yfflii, *5 5yfflit, x^*^ 
8Jfl§. ^yt'x;pr-fe^-;l/ (pva) &k'05fflBi*»& 

tt, *Mt*#*4 7 5ys^4CEiHKa3*u 7 

ffiicigtt^n!t»mtt<7)fflma5«2 8{i. sm««6 1 

&*UHK79 >- 2 7 (47 5 V i>m*4 C7)±«ffi4 c (C 

tmixa 0 . £*uci 0 . mmxM3immmme 1 

k>IS*1*28, am75>-2 7fcJ:lA'75y>-'W4 

[0034] WfBU* 3 li, fck itf . 04 KiR^J: o 

^4. 4fc. «J**tfl 2(7)±W1 2at-)i-AW<?) 
±BBtMLT5f«ffl3 acOffiMkmiCfllffLTV^. 
fckitf, ««M»H1 2c7)ZWX5-f7l 6^WK0ft 
Jt»»*IHW6 £ fc -C±W 1 2 a <Oj»/jN*fflttS:o< 
") ffltit ClWiat, Sf«Xft3c7)4"C# 

x-/>WO±lBlc« U-C»/)Nft^-Ciaff LT V ^4 £ 
k fcj; 0 . 0f«XA 3 cogfgffl 3 a $:F^^(7)SDXJI^ F 
■C"7x-^WICffHt»tfcRK:. 9fSH3 ac^i-M 
wt«i"4HS!;W : 5:^ffl^s*>'ia4 t^t «fc a (c. W 
eim3<0^f5^[SltcW4ttlStt^«(lSi:'5r4. £c^> 
fcy>. x -yNW$ri?lgI^3 tW LT X«^[6]t^»l 
*-*T«WTl»tff3HHC, 05 (a) co««*^05 
(b) fc»|frt6ia. HS0W ; Sr^ffl^SODiS(±B&- 
Sk=5r4o *^SiSW^4WeSSl-C'(i. BfSlfl 
3<Wf«ffl3 a<0-»*at»Wt^xW\W«SBilCff 

[0035] nmnMb u*. ±ibl^p-^'j^3-y 

y M 5k jl*7*5 1 2 k »IBlcBf3e««Et9tSPt 
hSStChi. o-^"jy- 3 ^yhi 5kii«75yi 
2koratflffiSr6pjDt4£ktJ:o-r. 5f«im3k 

x^97««2 4kwiafc:tt«iaa*96^t6. mmm 

4, fckttf, X>f-y^y7- U*'xU—;?0ff&£|*]jg 
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ttfflt*. -Wt LTtt. ttiJlWKtfDC 1 5 0V, ft 

*aj3fjm# 2~3 a . /wxmt/t i . 2 , 5 , 10, 

20, 5 0jus<?)V^*»CSS6^rie*t>^)*ttfflL 

[0036] w&%m 1 wi, *mw9aa*tb s f& 
mmmme 1 (caftfttflKKfe^-^-f-ftttfeKKf* 

ffl^til^gt LTcOSSiff6 3S:fiixTfcO. £0£& 

if 6 3 iii:s?m$* 6 1 taai & >t\ «> x - 

AWcoaffiSre* Lfe»f«Xft 3 tmffi«2 3 1 «0ISI«0 

trusts**-* 'J >-^4fc«>teKitfe*ir*j 0 . * 

[00 37] X7'J-ttifciSS7 US. X7l>-£±ia 

coiiftn 2 0 eym&y XlV 2 0 a ttt^-t* . x 7 u - 

W*6*ar«{cBfl:7^5-'>A (7/1^7-) „ Bft-b 

[0 0 3 8] TOftftttSK 8 Hi> mfifMELfrJol 
'vyKfll m»?SEL{i. 

t-t. wk® #> & Mmitmrnzmftm m 

[0039] ayho-y5 5ii. wmmmico^m 
tmt im&*is mmzu. ±*F54A5 ic 

MLTSiJ»fl^-5 1 s£tfi;>]LT?3fJ§IJI3<OlI]!|6&£ 
MMU Z«K5>f^5 2C»LTM»m#5 2s*aj 
*LTBf«I^3 0ZW*i<d<^ajlftft*iJ»*ffv\ r 
-77U H y 4 A 5 3 fctt LTSWft-f- 5 3s SrtU^j LT 
7 x -aw<0EM£R£IM» U , XM H 7 -f J< 5 4 1» L 
T$iJlJPfI^5 4 s£ tii^U:, ->x-^WiOXW^[6](7) 

l*iJ:t)f^5!;-«f«6l7 l<0»fliSW» 



[0 04 0] tfz. 3>hn-7 5 5(i. mSI«®6 1 

WTO 6 l<0«SSIt6 2fcJ:tfffifitft6 3fr$><T)®8l 
tf|-sf 6 2 sfcJ:t/«mStaffifi-^6 3 s#A7j$ft 
6. rjyho-75 5li. Clii^>mS<lfi-t6 2 sfcj; 

xswmtjimm^6 3 s c«ovt, wens 1 <m<fc 
zmmmtKix^z. mmwt. s««ft-^6 2 

1 8<ttW»U:'), *««tt96 2 s*fcttCMgfflffl 

[004 1 ] 3yhn-55 5Cil?^3yhn- 
/Wa-^/i, 5 6 u , ^ I/- 9 l&kWryf- ?i\tiLtz 

[0042] ±IBL/cWesa 1 fc J: & 9fm^ 

w^yfl. >)i-Af- ^4 5 SrIBKj LTHf^cO 
0CR-e?x-MW£0RS-£*. -)i-Af- 
7*;P4 5S:X|ftfiri6it»»U-C, 7 yVVUA (ClR 0# 
»t t*lfc»f®im 3 $r x -AW<0±*cOEIf^{4a fc <4 

«2 2. «li«2 3iJj:^7.^7 7 J a5ff2 4 tHHSiEi) 
3*1*. X^57'atH24*ffffiLTV^4ffE» 

W2otR^tnnK-rs. 

[0043] £<0««*>4>. X?V-mtemW.7 ltii. 

nm®E L£fflm«2 ommyx)U2 o ajcflafrr 

6fc. X?77~gm2 4<D£ffia»£X7y-SLfcJ;tf 
«raEL*TO3*l*. 9fJSIft3^Z«^|6](CTI^ 

6 1 $:Stt$ii:r. a«77i^2 7*iitTBfex&3 
tv-ff-xoma^EpiDL. D-?'JyH >hl 5$r 
iltTX^77*SP«2 4KT7X<0i;ffiS:9]Jntl). 

[0 044] $<bt» vyy/gai4tC^ffixT5rffi 

*&LT, HlO^EnA2^[6]lcfXhyn«yHl4b 
SrT^3-tt, X^77'g?«24c7)TfflS:'7x-AWt« 
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[0045] ZZX\ 136(4, ffleKKlfctSWtflM 

S-frfc«JBS:7prff!»ErCA0, 07(4l26tf)RCrtw 
J£*[IT'&9, 08(4117 <0RDftO&*l3-C'$>l>. 1 

S*lfc£JMRMTfc:. ?x-AW±fc«»$ix>fc«B« 

IMTC, >>x-AW±K:tt»&$tLfc«l|fiSEL*^L 
T. 4fctt» ^««rf4ittJ:0Ht«ii:LTa«t 
6. H7C*tJ:5C, £SHMTk.x75:/ai 
ff2 4fctf>GHctt, ¥+*T»bjWWEl/0**. 

H 3 a k <0IB tli -y 7 6 vtifif&E l/C . H 7 fc 

4 («ffiK2 3) fctf)HIGHNSEl/n^a*, ffef*lg4?) 

4*»felfilWR4S:^L , C»f»Ift3fc:atfii«8tio « 
HaWT* 1 ?. X^?7lW24*»fe«IMK4fe^tT 

[0046] ZVtzib. X7J7mt24frt>MmTM 
3K8tM6«»tt, tt«W»»EL4>^tttfi:Rl*li* 
LT8f»IJl3fciWl**»i, k, «SfiSEL+*»& 
^x-/NWO«i8K»ftS<tJt*IW»4>=Sr4A*KMT* 

ii*LtH«w»aEL4'S:a->'CW»ift3tath.i 

tmSEi 2«Wi*k. 4IWMTtflMW-6«4, « 

[0 04 7] ii-C. WfiREL+WfifitRUi, AS 
k L X <0X 9 9 7"gW 2 4 k Pifiik UT ^ffiglft 3 k 
0)E(i<it:Jt«LT«S»t**<**. ;«ft», SiB 
Sgftd£, ^TSb;fc4:t^>y7'SwJ; 

k**< t/oK^k-e, %mmm l*o&jir 1 

LTSWXA3(caEM&«a i i \tHffi&h% < 
ft 1 ), <Si 2#*#<ft-?T, ®j¥m«?)(S^k'(4 

*%i 2<9*#£(4, *f*v'T8btittf 
3yho-55 5tCj:->T0feift3^Zli^ 

o^^s^irasi-s^ktcto. «ai 2*-sac-rs 

te#6 2.s#6ft&fifc1WJf«SL rSrfc^ Q£ i 2 
k * 6 J: i te . «Bfififi^ 6 2 s £ 7 * - < 7 

tot** . *fc . ffis&s i nzm^msmm 

mtftmo . 1 tAmt+4HZ($< , JlIxT, ±fg 1 2 



a£^xW\W0±ffltettLTi»/hajrt1«$$tf'O> 
£ i k T'Uff MttSttiBflt s Htftfc-iEtltltS ft* £ 

,1k 

[0048] £LbO J: o fc. xiHMtoBWiSB 1 (4. 
±aLfc^x-AWt}g)ftS*ifc4SB!MT«:«ii«-6 

ftnFMMk*flM.TVi6. £*>(c, JJEffiAOiSlfmE 
1(4. i<0W?Bf»«ffit:ani.T. gTfgIJl3i>4;tfx 
7 'J—SHzX I'M^coc m Pgl^tfiSigK 

fl5MIWW«««*fl!fflC ioTBMW* -I k (BIT, 

mut, ^?y-sLtfflv^fcW»i*3«w«B 

3 a^«MW^W«k WffMKttkatt^flUflfc: J: -a 

TTOnisrff 3 i k fc-c * *. nmmmmm. i 

(4, «IW»fiJ:t^«IWBM«ll^t|!fflfcJ:oT4 

v^pww-h*«»feh.*fcft. 0fei^3<o^x-v\w 
m%<w*-i m^mmmzitKx ®< * z t m 

[0049] ot, *%wmiizmmmm. i om» 
<r^mm.<r)T3.T)vyvi/vmiiz£ iwrn^ru 

[0050] 0914, WJ^^^acOMJt^W 

^L*^Ttt«^1S«>WiS»lft8<xrv^, ^k 

k^f, y'J3yl« ( S i 0 2 ) «>4>%S«l8Hett 
1102*, ^k^.{4\ RiSSkLTTEOS(tetraet 
hylorthosilicate) Srffl^TSffiCVD (Chemical Vapo 
ur Deposition)ffiCiO^-fl>. <X^X\ |1 ICS 

h*-/H OSfciV^x-AWcoTMWfc^iSklS 

ffl?8l04*. ^k^-tf, ^»W7*b'JV^57^tS 

ffl»10 4O^^{4. fckitf, 800nmgStf> 

[0 0 5 1 3 &Wt\ 0l2fc^1-J:afc, Ay-VKi 
0 5 S: JBSHOSR 1 0 2 OSiBfe J: If 3 V 9 9 V it-fr 

103, wmmxQAUzmmh. znwrm 
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0514. tzkUi. Ta. Ti . TaN, T i N« Oft 

D (Physical Vapor Deposition) J: 0 . fci£(4. 
1 5 n mgawaWTJMW*. Ay-VK3 0 5(4. £ 

mmmzw-wmmmi o 2+KttiiW"4<>>* 
Kjhts^. fccti/. iisnetusi o 2t<n®%&z 
BihtzMzmbtih. wc. wmmmx-mm®. 

mm 0 2# : sV ?>Wmv>S. 3<r*^Ktt. fl(4v 
ro^^PRlf &i>. 

[00 5 2] tfcwc. 01 3fcjp"*-J:3fc. A'j-vjgn 

0 5±(c mmmmtntnm, Ktm. mt>^ 

if. 15 0 nmg«ORWC»jS-ti ( Ta-tXPR 
2) . 0 6(4. H*e«ffilM3J:tf3J'*? 

fctf>fc#ifr*-S. JJC^T. @14(c^-rj:d(3. ayf 
?h*-;H0 3SJ:t®Kfflil 0 4£S«&if4? 
fc, AU-tfRi 0 5±fcJft&»S>$r*&KKl 0 7£ . fc 
t £(4 . 2 0 0 0 n me««|W«B«-f 4 . &JS§? 1 

07(4. »^l<(4. mm* v*m±tz\mnm* 

T»«tTt>J:^. fcfc. i'-MRl 0 6tt&RKl 0 
7fc-MktS (7nMPR3) . 
[0053] ZZX\ 01 5(4&JR§!1 0 7«y\*y*IR 

1 0 5±K«ML£l^rn*x&+W^tt§S8<?>»T 
ffi«i£*0T"S> 6.015 IZwt 4 3 t . £JBK 1 0 7 
C0«®W4. 3y??h*-/H 0 3fc<ktfffii|ftffl*|l 
0 4 / voa* f )ji^^^J6(C. fct t(J*. 6 0 0 nmgjg 
^jS$<0IHfla«»£l/O>S. JiU:Wn-feX(4. ft* 

(4. ira^iR^l 0 2±C#ltf-6£#£&»Rl 0 7 
fcitf Ay*Kl 0 5<OH8**ft*«K»f»-Cti«r< . 
JJE<0W«(ai 1 <0«8HK^W«lfcr J: o Tti -3 . 
*»H<0Bf . ±§EW«l»a^»f*C J: 4 ro 
■teXfcjfcioT* H16fcjjrfJ;3fc, &JgStl0 7<7) 
SiBK^IWWRl 0 8Sr»*-fi (7DtXPR4 ) . 
£«*WW*10 8tt, &EJ£l 0 7lrfi|fi!;tl»^Ja 

[0054] tommri osmmmt. tztus, 
mmi o immizmwtemftLxmmmm 

si(cuo) ^toujour i o 8 ttc. mum 
tlx. &mm 0 7co^ffit. nbta* (4-^*1?. 

n^?tifrzmi8.Lxjmimio8b-r&zti>-Bim 
x-hh. tommri 0 8<nmmmizm%.zti%\w. 



mmm±mmi o iizkixisk , mmtm&tfit 

[ 0 0 5 5 ] *»Bft^W**ffiT'«, ^jsm i o 
7<0fl»fc»J*SftJfcTOWIIIItl 0 8O*taB?Wtc» 
(7a«PR5) . TOMRMl0 8<9aiRm* 
®*(4. ±IBWWf«BSIll(cJ:-5Ttfd. =5rfc. ttRW 

U-*fflo*. fcfc*.<4\ iSlHbkf&. fflftft. 3** 
Btt 'J -7 A^Sr^-X b Lti*mmt,zT)l S t\ v 'J 

■f. 7 i-AWJiiSI 1 «7 x-Af-7^4 2(C 
^•y^-y/t. tt*»ELfeJ:tWJ-SL£'7i 

7 ?m 2 a* z mftizjm itxix -jsvuztm 

(=-?^Xfii. «flHK2 3£75X«fcLT. 5f!gIJL 

3 bmmm 23b comzmwwxw£$:%itni-i . t 

fc. X7'J-SL(7)/<.-Xi:^47kS?S(=«»SSLcO 
^W±(;«^LTt>4v\ 

[0056] ZZX\ 01 7(4±I2««®(C^I»X^7 

7-35tt 2 4 ft jfitcfcw- § gfgro -fex z^tm%mx'$> 

0. Hl8{4»feXR3ftifiKfctt6Bfero-feX^ 
im@?*S. 01 7(C^t4 3(C. X^7yg|5«2 

4 #jfiT'(4 . mcth mm. 2 3 o?»a5 2 3 b 5 

O-SLtiXVWmELtfmteZtlX, XyVSL 

a wmw.E utx? y-f%m 2 4 zmm ix 7 

K 1 0 7±fc#ft3futTOWBK 1 0 8(4. miK«E L 
(c 4 l>Sj8ftffl£S(t&V>fcy>®r??RE L4>^0^«JK 
10 7*«iS^Si^»ajJ4»iM$*ifc«JBk:*>6. i 

wcy>. AHRi 0 7^c(4«B^E* { (Jt^i:'a^l•f. ue 

<0«8BH-6 2Ot-^Lfe«a[«is ft<fc«Lfc*4 
XS>&. 02 5(4. *SBttJB!B<0«j»S^fl»»7 , n-b^ 
(cfcV^T1lSlt6 2T' ; e-^-L.^m»SfflO-CT$r*-r 
7? y T» 4 . 0 2 5 (C^-T«S<I^Wfe<4S#jfi* s ± 

[00 57] x??7 , OT2 4O0!e£Uv:# s oT, tt 

(f. IWtr^5-^A^^4lWaB8fi[PT^)««W|lft 
4f^fflCJ:->-C^IWIWm0 8<OKv^, "t^^*>. 

ftiw 1 0 7^m±co^mmm 1 0 8frt>mmmm 

*SilTO<. 018(c^-T4o(C (3fSX*3 
#jfiT'(4. i9fSl*3cO«l«(Wl^i^ffl. *6V«, «f 
araSttPT^IMKfiWftSffffltcJ: oT^Sfi 1 0 8(3ff 

ttt- smiai 1 0 8 #i$^mfr$>m; s . 

[0058] Clc7)4dtLT, ^tx(f, 01 9lZ^t 
Xolz. &m® 1 0 7 *>A«±C»«3ftfc3FlM||H 1 

o 8imtRmzm&ix& b . i o 8tmm 
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C0059] &mm i o nmsizxta-th t , as? 
fc^RKioT^Rajs^i^wfcisaj-t* <ro 

-tXPR5 ) . ^<0fc^c7)S»aELOfPffl(i, 01 8 
t^-fi 0 fc, TOMSK 1 0 8jOT»*S<tfca{3i-C*>6 
&JSK 1 0 7<0fl»{i. &«B! 1 0 7 JWJIil 

iwfflic J: oTii-f *yc u + 1 ixmm&E Lwzm 

HJ-t*. dfitCfcoT. AHKl074>fcttvf-#\*« 
?-e- ?!>Wu iom7*«?e- |±, Hi 7K^L 
fcidfc» A«Rl0 7<0*iB*»4)W»aELS:a-jT 

[0060]±aLfcJ:dfc. &JRK1 0 7fc«jfrt4 
Pi, TOMSK 1 0 8fcJt^T««ia(t*<fi<«8Mf* 

T3»W*fc«>, Plfiih L-C^HKl 0 7 fcEiffii L 

v\ nm&mtfi&wzofjmmzmi&m 

IZMIX, ftfffc LTO^JSMl 0 7coiHGtc t t^»mffi 
ISSBRtOg (£KR1 0 7Ofl^£frTiSV>»#«9 

H33& t fiiareK*«ja<«sustiw t fiv^) acinar, ms 
¥»fbwiMT**. H25fc*j^T. pit 

#UiM>*. iWJJafcfWUfcJLoT, &JSK107 
[0 06 1]±|£<0#fflKJ:-?T, £JSKl0 7cDflgG 

%7itz&mm ommit. atta. 020^ 
■tx a iz, &mm 1 o 7<7)W®?b^tzfflHzmf?t h 

Will 0 8 i:£JRK 1 0 7<DflSW*BsSS*ifci8tf> 

[0 0 62] «wc. 02 1 CRtf-J: 3 fc, CIO&JSK 
1 0 7 cDUffiKffi mXM 3 «k X y V - S L *Ol3f& 
ffi&PTlcJ: Otf^S«MW^*t«ftfME Lfc J* 

PR 7) . H#t^fiMURl0 8«}tSffim 

AMUR 1 0 8#ftjB1i£8H§$iiS fc « , ±Cti«ttf1s 

mz x i)H**stL. ^Tfca&wiiBWiMsu 

BSICJtWLTmjK^ffl^ti^rtl.. TOtffiKl 0 8** 

^tt*s<ifci^jS'CAiw i o 7 *«mw- sinon® 
ss«i{4s tourr i osm&zif^xmudk. m 

J«IHIflWlHWi*7ti. 



[0063] i<0«t 3 t, *njfim®om»ffi^w^ 

u. ma-fb^wtcwsw- yztux vztitcmmx'h 

mz'fto^ttfX'Zh. z\cr>zt!,t, sffiftm&mB 
tixsmixtx?y-v mmm&m. t 
< v i'yr*xv-i'3ynim%b'<7)wx'wmzi?m 
x-hh. i&^mxEiixmmfio zttfx-z 

[0064] ±ffiO£HK 1 0 7 Ottllto&0f*#£?r 
LT , $ft$ftNR 1 0 7 *>'^*$ix§ t , 02 2 ic* 
tJ^fc, Ay7ll0 5WIIIJti (7'ntXP 

8) . zcotz. ms c iit6 2^^^--rsi:®i, 0 

2 5 tfO P 2 tit &JRffi 1 0 7 ±0^i)ffiK 1 0 8 **t 
^t^§n^ii$A«kO«k^1iS:i: l 9s 02 5OP3T 

stt^ n' u r hi 0 5 xn-fewmz t 

i, TaN. TiN^<Wft£tefflLfc*&Ctt. *<0 

'J 7J! 10 5 cOHa* 5 ^-ri> P 3 

ft6 2T ; £-^-L^II8g(i* i; fiTL(it*i», 

x'h>o. c\<r>^mxmmtmi-m±-th. z<rm® 

1)UXcr>W±it , 0 2 5 *> P 4 T-^-T J: o K:«fittttjW5rJg 
0<ifC'T* s o^>It$:3yhn-755*^JIItL.!5f 

[ 0 0 6 5 3 fcV vc, A'y 7K 1 0 5 fclfcfrt* ( ?°v 
«PR9) . ;«A'J7il0 5JiSt&7n« 
Ttt, iJB<0M*»^»ja$<i6^IU8l 0 7C»tT»f 
SL'-bO«V%X7 , J-SL-C(i ; 5:<, Ta, Ta N. 
Ti,Ti N»««fJ*»^WjftS*lfcAy 7JR 1 0 5tC 

mxmu-hm<. &mmio7iz»Lxmmu 

Ml 0 5 t^JRK 1 0 7<0Bf«U - NOSiKJt# { T'§< «. 

^ ? y - s l Srffiffl-rs . 

[006 6] $t(C, jTwn'-^iJ yvitctST-f 7 
W<aR6 1 <0ffl*«ESr±E<07a-fex J: 0 t>/hS < L 
<nmiS.fih±Ml(r>-ru^xi. o < ^h<ntm & 

fcitf. AiJ7Kl0 5*»*-t&i:*IBIttl8IRl 

o 2 ^ffitnub-ri, z t frt> , «w«ie<o«i/jN3 < 
**<o-c, ±is<5omait6 2cj:^®»ma<?D*-^t 

ftiT, ±iicr>i&m\63lzX^XX^yy^24t 

[00 67] A'J7Hl0 5$r^*-ri.i:. 023tS 
-fcHtc, JimtfitUR 10 23^9^11^ « (ra-fe 
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*P1 0) . JBSHfiKMl 02tfm&-?tt. 02 31= 

jfitziiz, z^mmmui. mttixmrntzmx, 

[0068] ;;t, Aiwio7«amw-*«^i:A 
Dm o 5ff)mtamt<r>m\ ueutaiwi o 
7<odakoaaai»^«&tiBi*fc:. m 

K 1 0 8<0ft o ex u rat 1 0 5 SttaiffiffiaKv 

t ix . &jir i o 7co$#a^<Diia®j£om+a { 
*$£ oattawc&HR i o 7«>»#»#ii»ffii&*s*i 
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